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a b s t r a c t
T hree-am ino  1, 2, 4 - t r  iazole (am itro l) has rece ived  considerable  
a tten tion  in re c e n t  y ea rs  as a herbicide and cotton defoliant., Little is 
known concerning the physiological m echanism s a l te re d  in plants fo l­
lowing a m itro l  tre a tm en t.  A ttem pts have been made in this study to 
determ ine some effects of a m itro l  on the re sp ira t io n  and te rm in a l  
oxidation of corn  (Zea mays L . }.
A m itro l  was applied e ither  to ac tive ly  growing corn  plants by so il 
tre a tm en t or to detached leaf tissue  by surface  trea tm en t a n d /o r  vacuum 
infiltra tion . The resu lting  effects of this m a te r ia l  on both re sp ira t io n  
and te rm in a l  oxidation were studied using conventional m anom etric  
techniques .
R esu lts  of in itial experim ents indicated tha t a sco rb ic  ac id  oxidase 
was the predom inant te rm in a l  oxidase of greenhouse grown co rn  plants. 
Other active te rm in a l  oxidases p resen t were polyphenoloxidase and 
cytochrom e oxidase. A m itro l  trea tm en t of detached corn  leaves by 
e ither surface application or vacuum  infiltra tion  had e ssen tia lly  no 
effect on e ither  re sp ira t io n  or te rm in a l  oxidation. When an a m itro l  - 
effected change was evident, it was that of a reduction  in re sp ira t io n .
Soil tre a tm en t of actively-grow ing co rn  plants with a m itro l  
caused  an inc rease  in the ra te  of re sp ira t io n .  P lants so tre a te d  p r o ­
duced s tr ik ing ly  chlorotic  tissue  3 to 4 days a f te r  application of the
t r e a tm e n t .  This ch lo ro tic  t i s s u e  r e s p i r e d  m o re  ra p id ly  and had a m uch  
h igher le v e l  of a s c o rb ic  a c id  oxidase than  did c o n tro l  t i s s u e .  P o lypheno l-  
oxidase ac t iv i ty  was s lig h tly  re d u c ed  in ch lo ro tic  t i s s u e  but cy toch rom e 
oxidase was c o m p a ra tiv e ly  unaffec ted . R e su l ts  ob ta ined  using  c e n t r i ­
fugation  or d ie th y ld ith io ca rb am ate  to rem o v e  or inh ib it a s c o rb ic  a c id  
oxidase f ro m  hom ogenates ind ica ted  the p re se n c e  of a s c o rb ic  a c id  ox i­
dase  in the co rn  tissues,,
I t  was found tha t co rn  p lants p o s s e s s e d  c e r ta in  m ech an ism s  
w hereby  the enzym e re sp o n s ib le  for the m a jo r  portion  of the te rm in a l  
oxidation  v a r ie d  w ith  the en v iro n m en ta l  conditions under w hich the p lants 
w ere  grow n. The age of p lan ts ,  light in ten s ity  and a i r  t e m p e ra tu re  w ere  
s tud ied  in this r e g a r d  and  found to p lay  an  im p o r ta n t  ro le  in de te rm in in g  
w hich  enzym e would m ed ia te  te rm in a l  oxidation . Of th ese  f a c to r s ,  it 
a p p e a re d  th a t  te m p e ra tu re  and  age of plants w ere  m o s t  im p o r tan t .
Iodoacetic  a c id , m alonic  ac id , and 2, 4 -d in i t r  ophenol cau sed  
g r e a te r  r e s p i r a to r y  inhib ition  in ch lo ro tic  t i s s u e  than in co n tro l  t i s s u e .  
The ad d it io n a l inhibition obtained on ch lo ro tic  t i s s u e  f r o m  use of iodo­
a c e t ic  a c id  and m alonic  a c id  was suggestive  of e i th e r  m ore  r a p id  e n z y ­
m atic  a c t iv i ty  in ch lo ro tic  t i s s u e  or the p re se n c e  of p ro tec tiv e  m e c h a n ­
is m s  in co n tro l  t i s s u e .  Sodium  f luo ride  and so d iu m  azide  c a u se d  
e s s e n t ia l ly  the sam e  am ount of inhibition in bo th  t i s s u e s .
R esu lts  of s e v e r a l  an a ly se s  showed th a t  the ch lo ro tic  t i s su e  co n ­
ta in ed  h ig h er  co n cen tra tio n s  of to ta l  c a rb o h y d ra te s , iro n , m an g an ese ,
v i i i
n itrogen , phosphorus and w ater than did con tro l tissue,, Oxalic ac id  
and to ta l  organic acids w ere low er, how ever, in ch lo ro tic  than in con­
t r o l  t i s s u e D It is be lieved  th a t  m etab o lism  of organic acids in chlorotic  
t is su e  p rec luded  the ir  accumulation,, This is suggested  by the fac t that 
ch loro tic  t i s s u e ,  which has m ost of its te rm in a l  oxidation m ediated  by 
a sc o rb ic  ac id  ox idase , has a r e s p i r a to ry  quotient s ligh tly  higher than 
unity* This is usually  indicative of organic ac id  m etabo lism .
INTRODUCTION
C h em ica ls  have b een  u sed  fo r  c e n tu r ie s  to c o n tro l  w eed s . M ost 
of th e se  m a te r ia l s  found only l im ite d  use  due to  th e ir  lack  of s e le c t iv i ty  
an d  p roh ib itive  c o s t .
L ittle  p ro g re s s  was m ade in the deve lopm ent of m o re  to x ic ,  ye t 
r e la t iv e ly  in ex p en s iv e , h e rb ic id e s  un til  the tu rn  of the tw en tie th  c e n tu ry .  
This p r o g re s s  was in it ia ted  by  the d is c o v e ry  of the se lec t iv e  ac tio n  of 
copper s a l t s .  T hen , w ith am az ing  ra p id i ty ,  i t  was shown th a t  iron  
s a l t s ,  so d iu m  n i t r a t e ,  am m o n iu m  su lfa te ,  c a lc iu m  cyanam ide , p o ta s ­
s iu m  s a l t s ,  and  v a r io u s  o ther m a te r ia l s  p o s s e s s e d  co n s id e ra b le  s e l e c ­
t iv i ty .  E v en  so  the use  of th ese  m a te r ia l s  was no t w id e sp re a d  and i t  
r e m a in e d  fo r  the in troduc tion  of t r i c h lo r o a c e ta te , v a r io u s  d in itro  
c r e s y la t e s ,  d in i tro  pheno ls , and  a host of o ther e x t r e m e ly  toxic m a t e r ­
ia ls  in  the y e a rs  p reced in g  1940 to a ro u s e  m o re  than  p ass iv e  in te r e s t  in 
c h e m ic a l  w eed co n tro l .
R ap id  expansion  of c h e m ic a l  w eed c o n tro l  developed  in the la te  
1940‘s following r e l e a s e  of 2, 4 -d ich lo ro p h en o x y ace tic  a c id ,  2 , 4 , 5 -  
t r ic h lo ro p h e n o x y ac e tic  a c id ,  and  o th e r  r e la te d  com pounds. Public  a c ­
cep tance  and  u se  of m any h e rb ic id e s  in r e c e n t  y e a r s  has r e s u l t e d  not 
only in a g r e a te r  f in a n c ia l  r e tu r n  to the p ro d u ce r  but a ls o  in a  b e t te r  
g ra d e  of p roduce  fo r  the c o n s u m e r .
Although the grow th of this f ie ld  has been  rap id , it has been 
b e se t  with m any p rob lem s which, if so lved , could lend im petus to 
many p ra c t ic e s .  R ecom m endations re g a rd in g  the use of various h e r b i ­
c ides in the pas t have la rg e ly  been e m p ir ic a l .  Such recom m endations 
have been  of value under some env ironm enta l conditions but costly  under 
o th e rs .  It is now g en era lly  a g re ed  th a t  con tro l methods should be b ased  
on physio logical p rinc ip les  and should en ta il  an understanding of the r e ­
la tions between the env ironm en ta l fa c to rs  involved. To be widely used, 
recom m endations  should a lso  be ad justab le  to m eet the demands of a 
wide v a r ie ty  of s itu a tio n s .
The re sp o n se  of a given plant to a specific  herb ic ide  v a r ie s  con­
s id e rab ly  with the env ironm en ta l conditions under which the m a te r ia l  is 
applied . Knowledge of the physiological fac to rs  responsib le  for this 
va r ia tio n  would g re a t ly  a id  in making m ore  com prehensive  use of many 
h e rb ic id es .
T h ree -am in o  1, 2 , 4 - t r ia z o le  has rece iv ed  considerab le  a ttention 
in r e c e n t  y e a rs  as a herb ic ide  and cotton defoliant. Few  of the physio ­
log ical effects  of th is m a te r ia l  on plants a r e  known0 It was the purpose 
of this investigation  to obtain in form ation  on physio logical m echan ism s 
within the plant which m ight be a l te re d  as the r e s u l t  of t re a tm e n t  with 
th is ch em ica l and to de te rm ine  som e of the env ironm enta l conditions 
under which such changes could be expected .
LITERATURE REVIEW 
Some F a c to r s  A ss o c ia te d  w ith  C h lo ro s is  in P lan ts
A n u m b er  of f a c to r s  a r e  known w hich influence the sy n th es is  of 
ch lo ro p h y ll  in p la n ts .  Since ch lo ro p h y ll  is a p roduct of the syn the tic  
a c t iv i t ie s  of the p lan t, the ab sen ce  of any one of the f a c to rs  w ill inhibit 
ch lo ro p h y ll  s y n th e s is ,  re su l t in g  in a condition  known as  c h lo ro s i s .
The fo rm a tio n  of ch lo rophy ll  by a n g io sp e rm s  is g e n e ra l ly  c o n ­
s id e r e d  to be a p ro c e s s  dependent on ligh t, a lthough  excep tions to th is 
have b een  no ted  (S h ir ley , 1929). Low ligh t in te n s i t ie s  a r e  g e n e ra l ly  e f ­
fec tive  in inducing ch lo rophy ll  sy n th es is  in p lants w hich  r e q u i re  l igh t fo r  
the p r o c e s s .  S ay re  (1928) has found tha t  a l l  wave lengths of the v is ib le  
s p e c t ru m  w ill, if the en e rg y  lev e l  is ad eq u a te ,  cause  ch lo rophy ll d e v e l ­
opm ent in e t io la te d  se e d l in g s .  T h e re  has been  g e n e ra l  a g re e m e n t  tha t 
ch lo rophy ll  is sy n th es ized  f ro m  c e r ta in  p r e c u r s o r s  but the ex ac t n a tu re  
of these  p r e c u r s o r s  was fo r  y e a rs  the su b jec t  of m uch  d eb a te . Lubim enko 
(1928) thought tha t leucophyll was oxid ized  to ch lo rophy llogen . A lthough 
ch lorophyllogen  is a g re e n  com pound it  has not been  shown to be p re s e n t  
in p lan ts  o ther  than  in t r a c e  q u a n t i t ie s .  E y s te r  (1928) ad v o ca ted  the 
idea th a t  ch lo rophy llogen  is co n v e r ted  to p ro to ch lo ro p h y ll  and  th a t  th is 
com pound was the im m ed ia te  p r e c u r s o r  of ch lo ro p h y ll .  P ro o f  th a t  
ch lo rophy llogen  is co n v e r ted  to  p ro to  ch lo rophy ll in p lan ts  has no t b een
4
defin ite ly  e s ta b l ish e d  bu t th e re  is now g e n e ra l  a g re e m e n t  tha t p ro to ­
ch lo rophy ll  is the im m edia te  p r e c u r s o r  of ch lo rophy ll and  th a t  th is 
co n v e rs io n  is light dependent (Rabinowitch, 1945).
Hoski and S m ith  (1951) have shown evidence th a t  c o rn  seed lings 
r e q u i re  light not only fo r the in it ia l  fo rm a tio n  of ch lo rophyll but a lso  
fo r its continued m ain tenance . F ra n k  and H enry  (1955) believe this 
su g g es ts  tha t  m ain tenance of a high ch lorophyll leve l in plants depends 
on l igh t-dependen t syn thetic  re a c t io n s  keeping pace w ith the l ig h t-  
independent d e s tru c tiv e  p ro c e s se s  th a t  occur continuously . The r e s u l ts  
obtained by  F ra n k  (1951), C h ich es te r  e t  a l . (1954), and Kay and  Phinney 
(1956) indicate  th a t  the ca ro ten o id  p igm ents can  be sy n th es ized  by dark  
grow n seed lings but tha t c e r ta in  light conditions will a c c e le ra te  the 
sy n th es is  of these  p ig m en ts .  Goodwin (1952) co n s id e rs  the des tru c tiv e  
re a c t io n s  of ca ro teno ids  to be both enzym atic  and  pho tochem ical in 
n a tu r e .
W allace and Schw arting (1954) conducted  com prehensive  te s ts  
w ith  a white m utan t of sunflow er and found tha t the m utant could produce 
ch lo ro p h y ll a t  e x tre m e ly  low ligh t in te n s itie s  b u t a t  ligh t in te n s itie s  
above 5 foot cand les no ch lo ro p h y ll was p roduced . R epea ted  te s ts  
show ed th is  m u tan t to  be devoid of ca ro ten o id s  bu t n e v e r th e le s s  to be a 
v igorous grow ing seed lin g . The white seed lings g ra fted  f re e ly  and as a 
sc io n  se t seed  to  its  own po llen ,
S chum acher (1928) and G ro n er (1936b) have conducted  co m p ara tiv e
s tu d ie s  of g re e n  v s .  a lb ino  or v a r ie g a te d  p lants w hich showed h igher 
lev e ls  of so luble  n itrogenous  com pounds and  low er lev e ls  of p ro te in  
n i t ro g e n  in the  a lb ino  or v a r ie g a te d  t is s u e  than  in g re e n  tissue,, When 
th ese  w o rk e rs  supp lied  c a rb o h y d ra te s  to the a lb ino  t is su e  or p lan ts  the 
so luble  n i t ro g e n  le v e l  was re d u c e d  and  the p ro te in  lev e l  was inc reased*  
G ro n e r  (1936b) p o s tu la ted  th a t  when the supply  of c a rb o h y d ra te s  f r o m  
the e n d o sp e rm  of a lb ino  co rn  se e d  b ecam e lim itin g , the seed ling  would 
hydro lyze  p ro te in s ,  thus u tiliz ing  som e of the p roduc ts  of hy d ro ly s is  in 
m etabolism * He fe l t  th a t  p e rhaps  the soluble  n itrogenous  su b s tan ces  
su ch  a s  the am in o  ac id s  could  not be m e tab o lized  and  would th e re fo re  
accu m u la te  *
G ro n e r  (1936a) r e p o r te d  th a t  th e re  was l i t t le  d iffe rence  in the 
r e s p i r a t o r y  r a t e s  of g re e n  and  a lb ino  co rn  s e e d l in g s .  L ebedeff (192 7) 
how ever, r e p o r te d  tha t  g re e n  c o rn  seed lings  r e s p i r e d  17 per cen t m o re  
ra p id ly  than did a lb ino  co rn  seedlings* S chum acker (1928) r e p o r te d  tha t 
ch lo ro tic  d icoty ledonous leaves  r e s p i r e d  s low er than  did n o rm a l  g re e n  
leaves* He p o s tu la ted  th a t  the d iffe rence  was due to  the low er lev e l  of 
red u c in g  su g a rs  in the ch lo ro tic  t i s s u e .  He found tha t  when g lucose  was 
supp lied  to the t i s s u e s  the r a te s  of r e s p i r a t io n  in c re a s e d  in bo th  t is su e s  
bu t th a t  the g r e a t e s t  in c re a s e  o c c u r re d  in the a lb ino  t i s s u e .
S e ltm ann  (1955) found th a t  oxygen uptake of a lb ino  c o rn  t is su e  
was 20 to 30 p e r  c e n t  h igher than  in g re e n  t i s s u e .  The r e s u l t s  obta ined  
by  S e ltm ann  indicate  the absence  of a  P a s te u r  e ffec t  in e i th e r  the a lb ino
6
or g reen  t i s s u e s .  The oxygen uptake of albino t issu e  was m edia ted  by a 
cyanide insensitive  enzyme sy s te m  which was thought to be flavo- 
p ro te in  in n a tu re .  R esu lts  with DNP suggested  tha t the m e tab o lism  of 
light grown albino t is su e  was p r im a r i ly  non-phosphory la tive . C arbon 
monoxide inhibition suggested  the p resence  of the sam e h eav y -m e ta l-  
m ed ia ted  enzyme sy s tem s in both  albino and g reen  t i s s u e s .
E ly s te r  (1950) re p o r te d  that the ca ta lase  ac tiv ity  of albino corn  
seedlings was only o n e - th ird  tha t of ligh t grown g reen  se e d lin g s0 
W einstein  and Robbins ( 1955) found the ca ta la se  ac tiv ity  of a lbino su n ­
flower leaves to  be lower than that of g reen  le a v e s .  They found, how­
e v e r ,  that if low levels  of iron  were supplied to both albino and g reen  
t is su e s  tha t bo th  d e c re a se d  in ca ta la se  ac tiv ity . S im ila r  r e s u l ts  w ere 
obtained when the t is su es  were a s sa y e d  fo r cytochrom e oxidase ac tiv ity .
It has long been known tha t im proper am ounts of iron , m agnesium , 
m anganese , copper, z inc , and c e r ta in  other e lem en ts  to  a le s s e r  d eg ree , 
m ay  lead  to pronounced ch lo ro s is  in som e p lan ts . M ost w o rk ers  ag ree  
that ch lo ro s is  due to a defic iency of m agnesium  can be a t tr ib u ted  to the 
n e c e s s i ty  of m agnesium  in the ch lorophyll m olecule (Z im m erm an , 1947).
P robab ly  m ore  work has been conducted on the ro le  of iron  in 
causing ch lo ro s is  than on that of any other e lem en t.  Some investiga to rs  
have found le s s  iron  in ch lo ro tic  than in g reen  leaves and have dem on­
s t r a te d  a c o r re la t io n  between iron  and ch lorophyll concen tra tion  
(Jacobson , 1945), (Sm ith et a l . , 1950), and (W allihan, 1955). Brown
and Hendricks (1952), do not feel, however, that the iron  concentration 
of plant tissue  is a sa tis fac to ry  index of deficiency and tha t iron ch lorosis  
is much more than a simple iron deficiency. Iljin (1952) ag rees  with this 
and has pointed out that many, if not a ll ,  of the observed changes in the 
composition of chlorotic plants a re  consequences and not causes of 
ch lo ro s is .  DeKock and Hall (1955) studied a number of t issues  caused 
to be chlorotic by v iro logical or pathological causes and rep o rted  find­
ing high phosphorus-iron  ra tios  and low ca lc ium -po tass ium  ra t io s .
Severa l w orkers have repo rted  that iron induced chlorosis  is 
caused  by fa ilure  of plants to e ither absorb  iron fro m  the so il or to 
utilize the iron that is absorbed  (Allyn, 1927), (Bennet, 193 1), (Hewitt, 
1948), and (Linder and H arley, 1944). F ranco  and Loomis (1947) and 
Rediske and Biddulph (1954) have presen ted  concepts concerning this 
problem .
Hewitt (1948) was able to induce ch lorosis  in p lants, which was 
typical of iron deficiency, with a given level of cobalt, copper, ch ro m ­
ium, manganese, lead, n ickel, and zinc ions to sa n d 'c u ltu re s . Reuther 
e t  a l .  (1952), found tha t copper affected absorption  and utilization of iron 
in c itru s  c ro p s . S im ilar re su lts  were obtained by Willis and Piland 
(1936) on cotton and corn . Considerable attention has a lso  been devoted 
to the re la tionsh ip  of iron to manganese with r e g a rd  to their co m p ara ­
tive ro le  in causing ch lo ro s is .  Weinstein and Robbins (1955) have 
pointed out that it is difficult to a s s e s s  the ro les  of these elem ents since
they  a re  m utually  an tagon is tic . Twyman ( 1951} and S om ers  e t a l .  (1942, 
1943) found that a high leve l of m anganese had a d ep re ss in g  effect on 
iron  abso rp tio n . Oulette (1951) showed tha t the s e v e r i ty  of m anganese 
toxicity  in soybeans d e c re a se d  as the level of iron  was in c reased .
S im ila r  findings were re p o r te d  by W einstein  and Robbins (1955).
Twyman (1951) and S ideris  and Young (1949) have suggested  that a 
m anganese induced iron  deficiency is the r e s u l t  of substitu tion  of m an g a­
nese  for two hydrogen a tom s or for iron  in porphyrin  m o lecu les .
Cain (1954) has re p o r te d  that the source  of n itrogen  applied  to 
plants can  affect the extent of ch lo ro s is  obtained f ro m  other c a u se s .  
S ideris  and Young (1956) point out tha t while ch lo ros is  m ay r e s u l t  f ro m  
inadequate supplies of n itrogen  th a t  this type of ch lo ro s is  is usually  
a s so c ia te d  with the iron  re la tio n sh ip  in the so il .  A fter ex tensive  e x p e r i ­
m en ta l work in which pineapple plants w ere grown in various so lu tions, 
they re p o r te d  tha t ch lo ro s is  in iron  deficient plants developed when there  
was an inverse  re la tio n sh ip  between the r a te s  of iron  uptake and plant 
g row th . In this c a s e ,  iron  accum ulations w ere not c lose ly  re la te d  to 
chlorophyll concen tra tio n s . C h lo rosis  re su lt in g  f ro m  iron  or n itrogen  
defic iencies  d iffered  m ore  in extent than in quality  in that ch lo ro s is  was 
m ore  rap id  and extensive when n itrogen  was defic ien t.
The herb ic ide  3-(p-chlorophenyl) -1, 1-dime thy lu re  a (CMU) has 
been  r e p o r te d  as causing ch lo ros is  in both monocotyledonous and d ico ty ­
ledonous spec ies  (C hris toph  and F isk ,  1954). The m ech an ism  of this
property  is as yet unknown but even so, m ore work has been conducted 
on this action than on the chlorotic inducing p roperties  of other h e rb i­
c ides . Cooke (1955) showed th a t  CMU trea ted  plants had a lower sugar 
content than untreated  plants and thought that the mode of action was 
through an in terference  with photosynthesis. Muzik_et ad. (1954) have 
rep o r ted  that although CMU inhibits roo t growth, its p r im ary  action is 
on the a e r ia l  portion of the plant. Cooke (1956) has conducted p re l im i­
n a ry  experim ents on s ta rc h  accum ulation in CMU trea ted  plants which 
indicate in terference  with photosynthesis. Recent work by Cooke has 
shown that CMU gives strik ing inhibition of the Hill reaction  and su g ­
gests  that this might be the possible mode by which CMU in te rfe res  with 
photos ynthe s i s .
On the Effects of 3 -A m ino-1, 2 ,4 -T r ia zo le  on Plant Growth
Three am ino- 1, 2, 4 - tr iazo le  (am itrol) was noted as having growth- 
inhibiting and defoliating p roperties  by Hall et a l .  (1953) in 1952. Hall 
e£ a l . (1954) rep o r ted  that am itro l  caused chlorophyll destruction  under 
ce r ta in  conditions and that chlorophyll synthesis was im paired  in tissues  
fo rm ed  at the time of,or subsequent to, absorption  of the chem ical. The 
inhibition of chlorophyll synthesis was proportional to the concentration 
of a m itro l  and the age of the t issu es  a t  the time of tre a tm en t.  These 
w orkers  a lso  rep o r ted  that carbohydrate  m etabolism  of cotton plants 
t re a ted  with a m itro l  was affected. Within 48 hours a f te r  foliage
ap p lica tion  of the ch em ica l,  the a e r i a l  o rgans lo s t  ap p ro x im a te ly  50 per
cen t of the o r ig in a l  reduc ing  su g a rs  and s u c ro s e ,  and  while th e re  was a
s ligh t in c re a se  in s t a r c h  conten t, th is  was e s se n t ia l ly  ba lanced  by an
equ ivalen t lo ss  in the hem i~cellu lose  f ra c t io n .  This r e s u l te d  in a ne t
d e c re a s e  in to ta l  c a rb o h y d ra te s .  T here  was a lso  an indication  of
changes in n i tro g en , phosphorus and p o ta ss iu m  in the plants t r e a te d
w ith  a m i t ro l .  C a lc iu m  content of t r e a te d  plants was unaffected.
14Using am itro l-5 C  , R ogers  (1957a), d em o n s tra ted  tha t this 
m a te r i a l  tends to accum ulate  in the younger leaves of Canada th is t le  
p lan ts .  R e la tive ly  low ra te s  of a m i t ro l  w ere  toxic to Canada th is t le  and 
soybean plants but not to  Johnson g ra s s  p lan ts .  He postu la ted  th a t  
Johnson g ra s s  r e s is ta n c e  was not due to lack  of tra n s lo c a tio n  but that 
th e  position  of the m e r is te m a t ic  t is su e  in g r a s s e s  p rec luded  a c c u m u la ­
tion  of toxic quan tities  of a m i t ro l .
M ille r  and H all (1957a) found tha t a m i t ro l  and various  sa l ts  of 
a m i t ro l  g e n e ra l ly  cau sed  an  in it ia l  s tim u la tion  of r e s p i r a t io n  of A vena 
sec tions  and cotton leaf d i s c s .  A fte r  ap p ro x im a te ly  one day the oxygen 
uptake of the t r e a te d  leaf d iscs  was e s se n t ia l ly  the sam e  as the c o n tro ls .
H e rb e r t  and Linck (1957) have a lso  re p o r te d  an in itia l  in c re a s e  in 
the r a te  of t is su e  r e s p i r a t io n  following t r e a tm e n t  with a m i t ro l .  This 
in it ia l  r e s p i r a to r y  in c re a se  was followed by a d e c re a s e  which was d e ­
pendent upon tim e as  w ell as  the co ncen tra tion  of a m i t ro l  app lied  to the 
p lan ts .  The r e s p i r a t io n  of lea f  t is su e  of Canada th is tle  was m ore  re a d i ly
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a l te re d  by a m itro l  than the rh izom e t is su e .  The level of phosphate in 
the Canada th is tle  tissue  was found to influence the effect of a m itro l  on 
m etabo lism .
R ogers (1957b) re p o r te d  tha t the application of sublethal r a te s  of 
a m itro l  to co rn  re su l te d  in ch lo rosis  to those portions of the leaves 
s t i l l  enc losed  in the whorl a t  the time of t r e a tm e n t .  The ch lo rosis  was 
due to a lack of ch lo rop lasts  r a th e r  than some effect on the chlorophyll 
per se .  Shiue and Hansen (1958) studied  some anatom ical re sp o n ses  of 
a m itro l  on conifer needles and re p o r te d  s e v e ra l  s trik ing  differences due 
to the chem ical. V ery  few t re a te d  m esophyll ce lls  had an infolded wall 
and no ch lo rop lasts  were evident in any t re a te d  c e l ls .  M ost of the 
t r e a te d  cells  seem ed  to be a r r e s t e d  in the m e r is te m a tic  s tage . These 
w orkers  fe lt that conifer re sp o n ses  to a m itro l  were d ifferent f ro m  those 
re p o r te d  for Johnson g ra s s  and rape by Rogers (1957).
M iller  and Hall (1957b) found tha t reg row th  of a m it ro l  t rea ted  
cotton plants contained twice as m uch anthocyanin as did un trea ted  p lan ts . 
Radioautographs made by these w orkers  showed p r im a r i ly  an ac ro p e ta l  
movem ent of a m itro l  within 24 hours a fte r  its application to b a sa l  leaves .
Heim_et a l .  (1956) found that a m it ro l  caused  d ec rea se s  in ca ta lase  
ac tiv ity  of ce r ta in  plants and r a t s .  In ra ts  the live r  ca ta lase  was m ost 
profoundly affected but l ive r  cytochrom e c content and hemoglobin level 
w ere not affected  by a m itro l  ad m in is tra tio n . L iver peroxidase activ ity  
d e c rea se d  slightly  th ree  hours a f te r  injection of a m itro l  but re tu rn e d  to
n o rm a l  a f te r  24 hours-  R eductions of ch lo rophy ll conten t and  c a ta la se  
a c t iv i ty  were obtained following app lica tion  of a m i t r o l  to leaves of 
potato, b a r le y ,  and sunflower,, In ex p e r im en ts  r e p o r te d  in a m ore  
r e c e n t  paper by these w o rk e rs  (P y fro m  e t  a l .  , 1957), a m i t ro l  cau sed  
in v itro  inhibition of c a ta la se  ac tiv ity .
The fate of a m i t ro l  in plants has not been  e s ta b l ish e d  but has 
been  the point of d iscu ss io n  in a num ber of re c e n t  p a p e rs .  M ille r  and 
H all (1957b) w ere  able to de tec t the p re se n c e  of a m i t ro l  in acetone e x ­
t r a c t s  of a m i t ro l  t r e a te d  plants and, on the b a s is  of th is  detection , su g ­
g es ted  th a t  a m i t ro l  was s t ru c tu ra l ly  a l te r e d  or was com bined  or co m - 
plexed w ith  other plant c o n s ti tu en ts .  A ld r ic h  and M cLane (1957) have 
su g g es ted  th a t  a m i t ro l  "ap p ears  to bind t igh tly  to p ro te in s .  " In p re p a r in g  
c h ro m a to g ram s  these  w o rk e rs  de tec ted  two spots which they  a t t r ib u te d  to 
be due to " f re e "  and "bound" a m itro l-  R acu sen  (1958) re p o r te d  th a t  
a m i t ro l  was t r a n s fo rm e d  to  two new products  (X and Y) in le a v e s .  The 
fo rm a tio n  of both  of these  compounds r e q u i r e d  healthy , tu rg id  leaf t is su e -
W hile having som e to x ic ity , com pound X was not a s  toxic as  a m itro l  and
14compound Y did not ap p ea r  to be toxic- It was found th a t  am itro l-5 C  
was ra p id ly  t r a n s fo rm e d  and t ra n s lo c a te d  f ro m  le a v e s .  A fte r  five days, 
ap p ro x im a te ly  one-ha lf  of the  rad io ac tiv i ty  had m ig ra te d  e lsew h ere  and, 
of the to ta l rad io ac tiv i ty ,  only sev en  per cen t was in the fo rm  of a m i t ro l .
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C oncerning the T e rm in a l  Oxidase of Higher P lants
R esp ira t io n  is the p ro cess  by which ce lls  e x t ra c t  en e rg y  f ro m  
food m a te r ia l .  It is g en e ra l ly  a g re e d  tha t ae ro b ic  b reak-dow n of c e r ­
tain hexoses in higher plants can be divided into (1) g lycolysis and 
(2) the oxidation of the products of g lyco lys is . The products a re  ox i­
dized by a s e r ie s  of ox ida tion-reduction  sy s tem s which t r a n s fe r  h y d ro ­
gen s tep  by  s tep  f ro m  the oxidizable su b s tra te  to m olecu la r  oxygen as 
the fina l hydrogen a c c ep to r ,  A te rm in a l  oxidase is the enzyme which 
ca ta lyzes  the reac tio n  w hereby hydrogen ions a re  com bined with oxygen 
to y ield  w a te r .  In an im al t issue  it ap p ea rs  th a t  cy tochrom e oxidase is 
the enzym e responsib le  for this s tep , but in t is su e s  of the h igher plants 
th e re  a re  a t le a s t  th ree  d ifferen t oxidase sy stem s which m ay be involved 
(Bonner, 1950). These a re  a sc o rb ic  ac id  oxidase, cy tochrom e oxidase, 
and polyphenoloxidase.
A sco rb ic  ac id  oxidase was d isco v e red  by Szent-G yorgyi (193 1) 
who found th a t  a sc o rb ic  ac id  was p resen t in cabbage leaves in the reduced  
s ta te  but d isap p eared  on mincing due to oxidation. The oxidation was 
shown to be due to an enzyme p re se n t  in the juice which Szent-G yorgyi 
ca lled  hexoxidase. Hexoxidase was la te r  nam ed a sc o rb ic  ac id  oxidase 
when it was found th a t  the su b s tra te ,  hexuronic ac id , was iden tical with 
1 -asco rb ic  ac id  (Boswell e t  a l . , 1940),
A sco rb ic  ac id  oxidase has been  d em o n stra ted  in a num ber of 
t i s s u e s ,  nam ely , cabbage (Szent-G yorgyi, 1931), cucurb its  (Tauber e t a l . ,
1935), cau lif low er (Hopkins and  M organ , 1936), le t tu c e ,  peach , and  
w a te r c r e s s  (B a r ro n  e t  a l .  , 1936), pum pkin, pea , s t r in g  bean , l im a  bean , 
sw ee t  c o rn ,  Sw iss c h a rd ,  c a r r o t ,  p a r s n ip ,  and sp in a c h  (K e r te sz  e t  a l .  ,
1936), cu cu m b er  and  m a r ro w  (B osw ell and  W hiting, 1940), b a r le y  
( J a m e s  e t a l .  , 1944), oats  (A lbaum  and  E ic h e l ,  1943), tobacco  (Brow n 
and  S te in b e rg , 1953), and sunflow er (H en d erso n  and  H en d erso n , 1954).
A lthough a s c o rb ic  a c id  oxidase has been  found in a n u m b er  of 
p lan ts  it  is a p p a re n t ly  not as  w id e sp re a d  as  o ther  te rm in a l  oxidase 
s y s t e m s .  O ther sy s te m s  can , how ever, oxidize a s c o rb ic  a c id  (Eddy, 
e t  a l .  , 1952) and  som e plants m ay  use  one t e r m in a l  ox idase  s y s te m  and  
la te r  change to ano ther  s y s te m . A lbaum  and  E ic h e l  (1943) r e p o r te d  th a t  
g e rm in a tin g  oats began  by using the cy to ch ro m e  s y s te m  and la te r  i n ­
c r e a s e d  th e i r  a s c o rb ic  a c id  ox idase  a c t iv i ty .  S im ila r  r e s u l t s  w ere  r e ­
p o r te d  by G oddard  (1944) fo r w heat. As th is  change took p lace  th e re  was 
a change of m etabo lic  s u b s t ra te  f ro m  fa ts  to s u g a rs  (A lbaum  and  E ic h e l ,  
1943)o M ayer (1954) found th a t  g e rm in a tin g  le ttuce  s e e d  had a high 
a s c o rb ic  a c id  oxidase a c t iv i ty  bu t tha t as  g e rm in a tio n  p ro ceed ed  o ther 
t e r m in a l  ox idases  becam e m o re  ac tive  and  la rg e ly  r e p la c e d  the ac t iv i ty  
of a s c o rb ic  a c id  ox id ase . L a te r  M ayer (1954) r e p o r te d  th a t  t r e a tm e n t  of 
g e rm in a tin g  le ttuce  s e e d  with th io u re a  c a u se d  a sh if t  f r o m  a s c o rb ic  a c id  
ox idase  to o ther  t e r m in a l  o x id a se s ,
KeiJ,in (1925) was f i r s t  to show the p re se n c e  of cy toch rom e in 
h igher p la n ts .  He d iv ided  cy to ch ro m e  into th re e  f r a c t io n s ,  cy to ch ro m es
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b , and c , and re p o rte d  that cy tochrom es a and b w ere au to x id izab le . 
C ytochrom e c was only oxidized in the p resen ce  of cy tochrom e oxidase 
w hich K eilin co n sid e red  to  be a me ta l ~pr ote in com pound, Following 
the d isco v e ry  of the cy tochrom es in p lan ts , it rem a in ed  fo r H ill and 
B hagvat (1939) to dem o n stra te  that the cy tochrom e sy s te m  in the co ty ­
ledons of germ inating  bean  seeds was a sso c ia te d  w ith a succin ic  dehy- 
d ra s e , This finding show ed the s im ila r i ty  betw een the te rm in a l r e s p i r a ­
to ry  m echan ism  of these  seed  and th a t found in an im al tissue,, G oddard 
(1944) conducted a  thorough study of the cy to ch ro m e-cy to ch ro m e oxidase 
sy s te m  in h igher plants and iso la ted  pure cy tochrom e c fro m  wheat 
e m b ry o s , The p resen ce  of the cy tochrom e sy s te m  has now been dem on­
s tra te d  in a la rg e  num ber of p lan ts , nam ely , dandelions, tu rn ip s , 
p a rsn ip s , onion bulbs, and various legum es (Ja m e s , 1946), w heat and 
b a r le y  (F r itz  and B e e v e rs , 1955"), buckw heat, la rk sp u r , ra d ish , b ee t, 
lim a  bean , a lfa lfa , tobacco , cu cum ber, and sunflow er (W eb ste r, 1954), 
and co rn  (H ask ins, 1955).
H ill and H a rtre e  (1953) sta te  th a t th e re  is now g e n e ra l ag reem en t 
tha t cy tochrom e oxidase functions as the te rm in a l oxidase in plants a t  
the em bryonic  or im m ediate  p o st-em bryon ic  s ta g e . They fu r th e r  s ta te  
tha t " there  rem a in s  little  su b s tan tia l evidence a g a in s t the view that the 
g e n e ra l te rm in a l oxidase in plants is cy tochrom e ox idase" and that 
"m uch of the opposing evidence is e ith e r am biguous or of a negative 
n a tu re . " The data of H askins (1955) shows th a t the cy tochrom e oxidase
ac t iv i ty  of c o rn  in c re a s e d  only s ligh tly  a f te r  g e rm in a tio n  and  tha t po ly- 
phenolase was p ro p o r tio n a lly  lower,, W einstein  and Robbins (1955) found 
th a t  cy tochrom e oxidase ac t iv i ty  of a lb ino sunflow er t is su e  was lower 
than  th a t  of g re e n  t i s s u e .  H askins and Chapm an (1956) re p o r te d  th a t  
co rn  seed lings  which w ere  ch lo ro tic  and s m a l l  because  of age or 
te m p e ra tu re  effec ts  w ere  low er in poly phenolase a c t iv i ty  than g reen  
plans but h igher in cy tochrom e oxidase .
The f i r s t  d em o n s tra tio n  tha t polyphenoloxidase is d i re c t ly  in ­
volved in the r e s p i r a t io n  of a h igher plant was th a t  of Bowell and Whiting 
(B a r ro n ,  1943) w ith the potato tu b e r .  P r io r  to this w ork, how ever, co n ­
s id e rab le  evidence fo r the p re sen ce  of this enzym e in plants was shown 
by  Onslow and  Robinson (1926), W agre ich  and N elson  (1936), and m any 
o th e rs  (B osw ell and Whiting, 1940), The enzym e has a lso  been known 
as ca techo l o x id a se , ty ro s in a se ,  and  po lyphenolase ,
Onslow (1921a, b) conducted a study of 300 sp ec ie s  in 293 gen e ra  
and 173 o rd e rs  of a n g io sp e rm s  and obtained a positive te s t  for the 
p re sen ce  of polyphenoloxidase in ap p ro x im a te ly  6 0  per cen t of the c a se s  
exam ined . A pp ro x im ate ly  79 per cent of the monocotyledonous o rd e rs  
gave a positive r e a c t io n .  Szent*<3yorgyi (192 7) exam ined  a num ber of 
t i s s u e s  which gave a positive re a c t io n ,  n am ely  potato, app le , p ea r ,  
b anana , and bean  hull. M ore re c e n t  evidence of the p re se n c e  of po ly ­
phenoloxidase in plants has been  con tr ibu ted  by A rnon  (1949), H enderson  
and H enderson  (1954), Haskins (1955), and C hapm an (1956).
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S ev e ra l  w orkers  loave used  carbon  monoxide to  d is tingu ish  be - 
tween the r e s p ira t io n  involving cy tochrom e oxidase and re s p i r a t io n  in ­
volving the copper en zym es, polyphenoloxidase and a sc o rb ic  ac id  
oxidase (W arburg , 1949), (Goddard and Holden, 1950), (W ebster, 1952), 
and (W ebste r, 1954). These w orkers  point out tha t cy tochrom e oxidase 
is inhibited by carbon  monoxide but tha t the en zy m e-ca rb o n  monoxide 
com plex fo rm ed  is s tab le  only in the d a rk  and is d isso c ia ted  in visible 
light. Polyphenoloxidase and a sco rb ic  ac id  oxidase a re  a lso  inhibited 
by carbon  monoxide but the inhibition is not r e v e r s e d  by light.
A ttem pts  have been m ade, using various inh ib ito rs , to e s ta b lish  
the p resen ce  of polyphenoloxidase or a sco rb ic  ac id  oxidase by King 
( 1939), B onner and Wildman (1946), A rnon (1949), and Jam es  and 
G arton  (1952), bu t Jam es  (1953) has pointed out tha t caution should be 
e x e rc is e d  in evaluating r e s u l t s .
METHODS AND MATERIALS
I. G row th  of P lan t M a te r ia ls
A . G reenhouse  G row n T issu e
C o rn  g ra in s  (v a r .  Dixie 18) w ere  p lan ted  a p p ro x im a te ly  1 inch 
deep  in sand  con ta ined  in e i th e r  8  o r 18 inch pots,, Im m ed ia te ly  a f te r  
p lan ting , the pots w ere  f lu sh ed  w ith  Hoagland n u tr ie n t  so lu tion  and a d ­
ju s te d  to  pH 5 B4. On a l te rn a te  days e a c h  pot was ag a in  f lu sh ed  with 
H oagland n u tr ie n t  so lu tion  to r e a d ju s t  the pH to 5»4„ On the 4 th  or 5th 
day a f te r  p lanting , a p p ro p r ia te  pots w ere  t r e a te d  w ith  Hoagland n u tr ie n t  
so lu tion  which con ta ined  80 m g /1  of a m i t r o l .  On the 11th or 12th day 
a f te r  planting the p lants w ere h a rv e s te d  by  cutting the s te m  a t  the g round 
line and im m e d ia te ly  placing  the b a s a l  po rtions  of the s te m s  in a b e a k e r  
contain ing w a te r 0
C orn  p lants grow n during the su m m e r  months re c e iv e d  only s u n ­
ligh t. As the days becam e  s h o r te r  in late f a l l  it b ecam e  n e c e s s a r y  to 
in c re a s e  the day  leng th  w ith  a r t i f i c i a l  light in o rd e r  to p roduce u n ifo rm  
ch lo ro tic  t i s s u e „ This was a c co m p lish ed  by placing th re e  row s of 
f lu o re sc e n t  l igh t tubes over the c e n te r  of the g reen h o u se  bench  on w hich 
the p lan ts  w ere  grow n.
Bo T issu e  G row n in C onstan t T e m p e ra tu re  R oom
In add ition  to the co rn  t is su e  grow n under g reenhouse  conditions
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t is su e  was a lso  grow n in co n s tan t te m p e ra tu re  room s which were 
o p e ra ted  a t  70° and 90° F .  The te m p e ra tu re  v a r ia t io n  in these  ro o m s 
was a p p ro x im a te ly  1 2° F .  L ight was supplied  with the a id  of f lu o r e s ­
cent and incandescen t light b u lb s .  The ligh t in tensity  in e a c h  ro o m  was 
a p p ro x im a te ly  200 foot c a n d le s .  The p ro ced u res  fo r  p lanting, grow ing, 
t re a t in g ,  and  ha rves ting  the t is su e  w ere  s im i la r  to tha t d e sc r ib e d  under 
G reenhouse  Grown T is s u e ,
II. P re p a ra t io n  of Whole T issue  for R e s p i r a to ry  E x p e r im en ts
A . G e n e ra l  P ro c e d u re
Following h a rv e s t ,  the t is su e  was w ashed  and the leaves clipped
f r o m  the p lan ts .  If no subsequen t t r e a tm e n t  was to be app lied , the m id -
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r ib s  w ere  to rn  f ro m  the leaves  and the leaf sec tions  cu t into segm ents  
a p p ro x im a te ly  o n e -fo u r th  inch in length . T hese  leaf p ieces w ere su rface  
d r ie d ,  weighed, and t r a n s f e r r e d  to W a rb u rg .v e s s e ls .
In c e r ta in  ex p e r im en ts  involving the use of r e s p i r a to r y  in h ib ito rs ,  
the inhib itor was contained in the su e r  ose -phosphate buffer which was 
added to ea c h  f la sk  as the s u b s t r a te ,
B . V acuum  In fil tra tion
Some of the m a te r ia ls  s tud ied  a r e  slow  in exhibiting th e ir  effects  
on whole t i s s u e .  T hese  m a te r ia ls  w ere  vacuum  in f i l t ra ted  into the 
t i s s u e .  A fte r  the leaves  had been rem o v ed  f ro m  the p lants as  d e sc r ib e d
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under IIA, G e n e ra l  P r o c e d u r e , they w ere  w rapped  in a  sing le  la y e r  of 
cheeseclo th , and  im m e rs e d  in a  b e a k e r  containing the a p p ro p r ia te  s o lu ­
tion,, B e a k e rs  thus p re p a re d  w ere  p laced  in a vacuum  d e s ic c a to r  a t ­
tached  to a w a te r  su c tio n . A vacuum  was ap p lied  to  the d e s ic c a to r  fo r  
10 m inu tes  and  then  s low ly  r e l e a s e d .  The vacuum  was then  re a p p l ie d  
fo r  1 0  m in u te s ,  s low ly  r e le a s e d ,  the t is su e  re m o v e d  f ro m  the so lu tion , 
r ib b ed , b lo tted , cu t, w eighed, and  p laced  in W arbu rg  f la sk s  with a p ­
p ro p r ia te  so lu tio n s .
C . T re a tm e n t  w ith  Iodoacetic  A cid
Iodoacetic  a c id  is v e ry  slow  in exerting  its  inh ib ito ry  effec t on 
whole t i s s u e .  To s tudy the effec t of th is  m a te r i a l  on the t i s s u e ,  c o rn  
leav es  w ere  f i r s t  v acuum  in f i l t ra te d  by the m ethod  d e s c r ib e d  under IIB, 
V acuum  In f i l t ra t io n . Follow ing vacuum  in f i l t ra t io n  the leav es  w ere 
f lo a ted  ab ax il  s ide  up on a so lu tion  in which they  w ere  in f i l t ra te d ,  for 
e i th e r  an 8  or 12-hour p e r io d 0  Suffic ien t s t re p to m y c in  su lfa te  was added 
to the so lu tion  to give a co n cen tra t io n  of 50 m g /L  s t re p to m y c in .  The 
ligh t in ten s i ty  during th is  p e r io d  of t r e a tm e n t  was ap p ro x im a te ly  50 foot 
cand les  0
D . T re a tm e n t  w ith  C arbon  Monoxide
C o rn  lea f  whole t i s s u e  to  be t r e a te d  w ith  ca rb o n  monoxide was 
p r e p a r e d  and  p laced  in W arburg  v e s s e ls  acco rd in g  to the p ro ced u re  
d e s c r ib e d  under G e n e ra l  P ro c e d u re .  The f la sk s  w ere  then  a t ta c h e d  to
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m a n o m e te r s ,  the stopcocks opened, and ea c h  f la sk  flushed  w ith  a p p ro x i­
m a te ly  2  l i t e r s  of a gas m ix tu re  containing 90 p e r  cen t ca rb o n  monoxide 
and  10 per  cen t oxygen. The stopcocks w ere  im m ed ia te ly  c lo sed  a t  the 
end of the flushing pe riod  and the m an o m e te rs  p laced  on the W arburg  
a p p a ra tu s .
III. P re p a ra t io n  of Homogenates
With the exception  of those ex p e r im en ts  in which hand-g round  
hom ogenates w ere  te s te d  v s 0  hom ogenates p re p a re d  in a W aring b len d o r ,  
a l l  hom ogenates w ere  p re p a re d  in a s ta n d a rd iz ed  m an n e r .  H a rv es ted  
plants w ere  w ashed, b lo tted , and a 5 g r a m  sam ple  of the leaf t is su e  
p laced  in a s e m i-m ic ro  W aring b le n d o r .  To th is  was added 50 m l of a 
p o ta s s iu m  phosphate buffer and the t is su e  hom ogenized  for 2  m in u tes .  
A p p ro x im a te ly  30 g ram s  of c ru sh e d  d ry  ice was contained a ro u n d  the 
b a se  of the W aring b lendor with the a id  of a c a rd b o a rd  ja c k e t .  This 
s e rv e d  to keep  the te m p e ra tu re  of the susp en s io n  inside the b lendor 
below  1 0 ° C .
At the end of the blending p e r io d  the re su l t in g  hom ogenate was 
s t ra in e d  th rough  4 la y e rs  of c h e e sec lo th  to rem o v e  the c rude  f ra c t io n .
Homogenates to be a s sa y e d  for cy tochrom e oxidase ac tiv ity  w ere 
p re p a re d  using p o ta ss iu m  phosphate buffer of pH 7 .0 .  A ll  o ther hom oge­
nates  w ere  p re p a re d  in p o ta ss iu m  phosphate buffer of pH 5 .8 5 .
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IVo D e te rm in a t io n  of Oxygen Uptake and C arb o n  Dioxide P ro d u c tio n
R e s p i r a to r y  a c t iv i ty  of whole t i s s u e  and  hom ogenates was d e t e r ­
m ined  using a W arburg  r e s p i r o m e te r  and  conventional m ethods d e ­
s c r ib e d  by U m bre it  e t  a l .  (1949). D uplicate  f la sk s  w ere  ru n  fo r  e a c h  
t r e a tm e n t .  To f la sk s  in w hich oxygen uptake a lone was d e te rm in e d ,  a 
s m a l l  piece of fo lded  f i l te r  paper and 0„ 2 m l of 20 per  cen t KOH was 
p laced  in the  c e n te r  w e ll .  F la s k s  contain ing whole lea f  t i s s u e  a lso  r e ­
ce iv ed  2. 0 m l of a bu ffe r so lu tion  which was 0. 02 M and 0. 20 M with 
r e g a r d  to s u c ro s e  and  p o ta s s iu m  phosphate r e s p e c t iv e ly .
M an o m ete r  read in g s  w ere  g e n e ra l ly  r e c o rd e d  a t  10 to 15 m inute 
in te rv a ls  a lthough  in som e of the e a r l i e r  e x p e r im e n ts  read in g s  w ere 
taken  a t  e i th e r  3 0 m inute a n d /o r  1 hour in te rv a ls .  Oxygen uptake and 
c a rb o n  dioxide p roduc tion  a r e  e x p re s s e d  as m ic r o l i t e r s  per  g ra m  of 
f r e s h  weighto
V. E s t im a t io n  of E nzym e A ctiv ity
A . A sc o rb ie  A c id  O xidase
A 2. 0 m l a liquo t of hom ogenate  was added  to the m ain  c o m p a r t ­
m en t of a W arburg  f la s k  and 0 .5  m l of a s c o rb ic  a c id  p laced  in the side 
a r m  of the  f la s k .  A t  the end of the e q u il ib ra t io n  p e r io d  the m a n o m e te rs  
w ere  se a le d ,  r e c o rd e d ,  and the a s c o rb ic  a c id  t ipped  into the m ain  c o m ­
p a r tm e n t  w hich con ta ined  the hom ogenate . M an o m ete r  read in g s  w ere
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then r e c o rd e d  a t  sp ec if ied  in te rv a ls  as ind ica ted  in IV.
In the e a r ly  phases  of th is w ork  a sc o rb ic  a c id  concen tra tions  of 
0. 12, 0 .2 5 ,  0 .3  7, and 0 .48  M w ere  te s te d  to d e te rm in e  the c o n c e n t ra ­
tion of a sc o rb ic  a c id  a t  which the ra te  of r e a c t io n  would be independent 
of a sc o rb ic  ac id  co n cen tra tio n . As a r e s u l t  0 .25 M a sc o rb ic  a c id  was 
u sed  in a l l  subsequen t e x p e r im e n ts .  A ll  a sc o rb ic  ac id  solutions w ere 
ad ju s ted  to pH 5. 85 w ith NaOH sh o r t ly  be fo re  addition  to W arburg  
v e s s e l s .
B . C ytochrom e Oxidase
A 2. 0 m l a liquot of hom ogenate was p laced  in the m ain c o m p a r t ­
m en t of a  W arburg  v e s s e l .  O ne-ha lf  m l of 2 x 10-^ M cy tochrom e c and
0 .5  m l of 0. 12 M p-phenylenediam ine w ere  placed  in s e p a ra te  side 
a rm s  of the v e s s e l  and, following equ il ib ra tio n , tipped into the hom oge­
nate o Im m edia te ly  befo re  addition to the f la sk , p -phenylenediam ine was 
a d ju s ted  to pH 7. 0 with HCl.
C . Polyphenoloxida s e
A 2. 0 m l a liquo t of hom ogenate was p laced  in the m ain  c o m p a r t ­
m ent of a W arburg  f la sk  and 0. 5 m l of 0. 12 M ca techo l added to the side 
a r m .  Following equ ilib ra tion  the ca tech o l was tipped into the hom oge­
n a te .  The ca techo l was ad ju s ted  to pH 5 .85  sh o r t ly  before  addition  to the 
f la sk .
D. Aldolase
The a s s a y  for a ldo lase  ac tiv ity  was according  to the p rocedure  
d esc r ib ed  by Sibley and Lehninger (1949).
VIo E stim atio n  of Iron, M anganese, and Phosphorus Content
Iron, m anganese, and phosphorus were es tim ated  according to 
the procedure  of Toth e t  al„ (1948).
VII. E s tim atio n  of Total Carbohydrates
One g ra m  of corn  leaf t is su e  was homogenized in 25 m l w ater for 
2  m inutes and the resu lting  homogenate poured into a 1 0 0  m l separating  
funnel. Sixty m l of ethyl e ther  was added to the homogenate, the funnel 
v igorously  shaken for 2 minutes and the e ther  drawn off. Another 60 m l 
aliquot of e ther  was added to the funnel and the ex trac tion  p rocess  r e ­
peated. In this m anner a to ta l of 4 ex tractions were m ade. The ex trac ted  
homogenate was diluted by the addition of 25 00 m l of w ater and a 4 ml 
aliquot t r a n s fe r re d  to 2 0  m l te s t  tube. E ight m l of an anthrone solution 
(20 g ram s of anthrone d issolved in 1 l i te r  of 95 per cent H 2 SG4 ) was 
added to the te s t  tube and mixed thoroughly with the homogenate by 
sw irling . A fter 10 m inu tes , light t ra n sm iss io n  of the solution was 
m easu red  a t 620 m  u with the a id  of a B eckm an Model DU spectrophoto­
m e te r .  A ppropria te  s tandards were included.
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VIII. E s t im a t io n  of O rgan ic  A cids
O rgan ic  ac id s  w ere  e s t im a te d  acco rd in g  to the p ro ced u re  of 
P u ch e r  e t  a l 0  (1934).
IX. D e te rm in a t io n  of D ry  Weight
A . Whole Leaf T issu e
S am ples  of lea f  t i s s u e  w ere  c lipped  f r o m  growing p lan ts , 
w eighed, and  p laced  in an  oven a t  100° C 0  fo r  24 h o u r s 0  The sam p les  
w ere  then  re m o v e d  f ro m  the oven, p laced  in a d e s ic c a to r  fo r  2  h o u rs ,  
and  w eighed. F o r  any  g iven m o is tu re  d e te rm in a t io n  t r e a tm e n ts  w ere 
re p l ic a te d  a m in im u m  of 5 t im e s .
B . G ra in
C o rn  p lants w ere  pulled f ro m  the sand  and the a t ta c h ed  g ra ins  cu t  
f r o m  the plants w ith  a r a z o r  b la d e .  The g ra in s  w ere  w ashed  f re e  of sand , 
b lo tted  d ry ,  w eighed, p laced  in the oven, and  the m o is tu re  content d e t e r ­
m ined  in the m ethod  d e s c r ib e d  under IX A , Whole Leaf T issue^
EXPERIM ENTAL RESULTS: AND DISCUSSION
I. P re l im in a ry  Investigation of T e rm in a l  Oxidation and 
R esp ira tion  of C orn  Leaf T issue
A, E s tim ation  of the T e rm in a l Oxidases of Corn
Tn o rd e r  to consis ten tly  es tim ate  various enzym atic ac tiv ities  of 
corn  leaf t is su e ,  it was n e c e s s a ry  to e s tab lish  a uniform  procedure  for 
the p repara tion  of t is su e  hom ogenates„ It was fe lt  that homogenate 
p repara tion  could be accom plished  m ost rap id ly  with the aid  of a Waring 
blendor* It was found, however, that the Waring blendor did not s e p a ­
ra te  c e r ta in  vascu la r  t issue  of the co rn  leaf into fragm ents  sm a ll  enough 
to p e rm it  t ra n s fe r  of the homogenate with a p ipette . Homogenates p r e ­
p ared  in the above m anner re q u ire d  s tra in ing  p r io r  to the ir  use . To 
e lim inate , if possib le , the n ecess ity  of s tra in ing , and consequent r e ­
moval of a portion of weighed t is su e ,  homogenates were a lso  p rep a red  
with E lv eh jem -P o tte r  hom ogenizers , ground glass hom ogenizers and 
m o rta r  and pestle* Homogenate p rep a ra tio n  with these devices was slow 
and tedious and pipette t ra n s fe r  was difficult* Data obtained f ro m  a 
study of these homogenates indicated that some enzym atic ac tiv ity  was 
lo s t  p resum ab ly  due to the lengthy grinding period .
In a num ber of p re l im in a ry  ex p erim en ts ,  rem o v a l of unbroken 
v ascu la r  t is su e  was accom plished  by e ither  s tra in ing  or low -speed  
centrifugation* There was an indication of slightly  higher enzym atic
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a c t iv i ty  in s t r a in e d  hom ogenates  than in those  th a t  r e c e iv e d  c e n t r i fu g a ­
tion,, On the b a s i s  of th is  ind ica tion , and  s ince  s t ra in in g  could be p e r ­
fo rm e d  m ore  r a p id ly  than cen tr ifu g a tio n , it  was decided  to use  s tra in in g  
a s  a m eans of rem o v in g  la rg e  c e l lu la r  d e b r is  f r o m  hom ogenates*
The r e s u l t s  obta ined  in the e a r ly  phases  of th is  s tudy  ind ica ted  
th a t  a s c o rb ic  a c id  oxidase was the p red o m in an t te rm in a l  ox idase  of c o rn  
lea f  t issue*  The data  p re s e n te d  in F ig u re  1 showing oxidation of as  -  
c o rb a te ,  ca tech o l ,  and  cy to ch ro m e  c in hom ogenates a r e  re p re s e n ta t iv e  
of th a t  obta ined  in s e v e r a l  e x p e r im e n ts .  The t is su e s  f ro m  w hich the 
hom ogenates  of F ig u re  1 w ere  p re p a re d  w ere  46, 41, and 36 days old 
w ith  r e g a r d  to the a s c o r b a te ,  cy to ch ro m e  c , and  ca tech o l t r e a tm e n ts ,  
r e s p e c t iv e ly .  A f te r  i t  was decided  to use t i s s u e  of a s ta n d a rd  age , i . e .  , 
1 1  d ays , th roughout a l l  e x p e r im e n ts ,  oxidation of the th ree  s u b s t r a te s  
was r e p e a te d  and r e s u l t s  s im i la r  to th o se  of F ig u re  1 w ere  ob ta ined .
T hroughout a l l  ex p e r im en ts  involving the use of hom ogenates , 
v a r ia b le  r a t e s  of endogenous oxygen uptake o c c u r re d .  The ex ten t of th is  
v a r ia b i l i ty  was co n s id e rab le  and  ra n g e d  f ro m  e s s e n t ia l ly  none to as  high 
as  225 u L / h o u r /g r a m .  This endogenous uptake is p ro b ab ly  due to 
l ipox idase  a c t iv i ty  (F r i tz  and  B e e v e r s ,  1953).
Bo R e s p ira t io n  and  T e rm in a l  O xidation a s  A ffec ted  by Sh o r t  T im e 
T re a tm e n t  w ith  A m itro l .
The e ffec t of a m i t r o l  on d e tached  c o rn  leav es  was s tud ied  by 
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fig u re  l .  O x idation  o f a s c o rb a te ,  c a te c h o l ,  and cytochrom e 
c in  homogenates o f  corn  t i s s u e .
G e n e ra l ly  the leng th  of a m i t r o l  t r e a tm e n t  and  d u ra t io n  of th e se  e x p e r i ­
m en ts  was 1 to 3 h o u rs .  When ap p lied  by e i th e r  of the above m entioned  
m ethods or a co m bina tion  of bo th  m e th o d s , a m i t r o l  has l i t t le  or no effec t 
on r e s p i r a t io n  of the t i s s u e .  In e x p e r im e n ts  when a m i t r o l  did effect a 
d if fe ren ce  in r e s p i r a t io n ,  it  was th a t  of a  re d u c tio n  in r e s p i r a t io n  
(F ig u re  2).
I t  was c o n s id e re d  poss ib le  th a t  a  t r e a tm e n t  p e r io d  of 3 hours  was 
not su ff ic ien t to r e a l iz e  the tru e  effec t of a m i t r o l .  To s tudy th is  p o s s i ­
b i l i ty ,  t i s su e  sa m p le s  w ere  vacu u m  in f i l t ra te d  or su r fa c e  t r e a t e d  w ith 
so lu tions  contain ing 100 and 500 m gm . of a m i t r o l  per  l i t e r .  The oxygen 
uptake of th ese  sa m p le s  was s tu d ied  over a  2 5 -h o u r  p e rio d , b u t  even  a t  
the end  of th is  tim e a m i t r o l  t r e a tm e n t  c a u se d  only a s l ig h t inhib ition  in 
r e s p i r a t io n .  In su b seq u en t e x p e r im e n ts  the r a te  of r e s p i r a t io n  was 
d e te rm in e d  in a m i t r o l  v acu u m  in f i l t r a te d  t is su e  fo r  pe r io d s  up. to 4 days 
in. leng th  bu t no ap p re c ia b le  r e s p i r a t o r y  change was found.
T h e re  was no ev idence  of c h lo ro s is  in any  of the a m i t r o l  t r e a te d  
t i s s u e  s a m p le s  s tud ied  in the above m entioned  e x p e r im e n ts .  It is known, 
how ever , th a t  one of the m o s t  s t r ik in g  a s p e c ts  of a m i t r o l  t r e a tm e n t  of 
a c t iv e ly  grow ing plants is c h lo r o s i s .  To d e te rm in e  the e ffec t of a m i t r o l  
on the r e s p i r a t io n  a c t iv i ty  of grow ing p la n ts ,  a so lu tion  containing 
1 0 0  m g m /L  of a m i t r o l  was u sed  to  f lu sh  the ro o t  s y s te m  of 2 -w eek  old 
c o rn  p lants being  grow n in the g re e n h o u se .  Twenty -four hours  a f te r  
ap p lica t io n  of the t r e a tm e n t  the co rn  le av es  w ere  h a rv e s te d  and  oxygen
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uptake d e te rm in e d .
The oxygen uptake of th is t is su e  was a p p ro x im a te ly  20 per  cen t 
h ig h er  than  tha t of u n tre a te d  p lants (F ig u re  2 ) 0  It was concluded  f ro m  
th is  th a t  a m i t r o l  lias a d is t in c t iv e ly  d if fe ren t  e ffec t  on a c t iv e ly  growing 
t i s s u e  than  it  does on de tach ed  leaf  t i s s u e .
Since i t  had been  p rev io u s ly  e s ta b l i s h e d  th a t  the p re d o m in a n t  
te r m in a l  oxidation s y s te m  was a s c o rb ic  a c id  o x id ase , a s e r i e s  of e x ­
p e r im e n ts  w ere  conducted  to study the effec t of a m i t r o l  on a sc o rb a te  
oxidation in hom ogena tes . T his was done by d e te rm in in g  the r a te  of 
a s c o rb a te  oxidation in hom ogenates  p r e p a re d  f r o m  t is su e  vacuum  in f i l ­
t r a t e d  with a m i t r o l  (100 m g m /L )  or by adding 1/2 m l a m i t r o l  (100 m g m /L )  
to  a  c o n tro l  hom ogenate . The data  ob ta ined  f ro m  these  e x p e r im e n ts  do 
no t ind ica te  tha t a m i t r o l  had any a p p re c ia b le  e ffec t on a s c o rb ic  ac id  
ox idase  a c t iv i ty  (F ig u re  3).
C . R e sp ira t io n  and  T e r m ina l O xidation a s A ffec ted  by L ong- Tim e Soil 
T r ea tm e n t  w ith  A m itro l
A fte r  i t  had been  e s ta b l ish e d  th a t  a m i t r o l  ap p lica tion  to growing 
p lan ts  c au sed  a m o re  pronounced  e ffec t on r e s p i r a t io n  than  did a m i t r o l  
ap p lica tio n  to d e tached  lea f  t i s s u e ,  it was dec ided  to  use  the f o r m e r  type 
t i s s u e  in fu r th e r  e x p e r im e n ts .  Since c h lo ro s is  is one of the m o re  ev id en t 
e ffec ts  of a m i t r o l  p lan t t r e a tm e n t ,  i t  was a ls o  dec ided  to s tudy  ch lo ro tic  
v s .  c o n tro l  t i s su e  r a th e r  than t r e a te d  g re e n  v s .  c o n tro l  t i s s u e .  T hus, 
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Figure 3* Effect of amitrol on ascorbate oxidation in homogenates 
of corn tissue.
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se lec tions of t re a te d  plant m a te r ia l .
Pots containing young corn  plants were flushed with solutions con ­
taining 25, 5 0, 75, 100, and 125 m gm  of a m itro l  per l i t e r . During the 
next 9  days, appropria te  pots were flushed e ither every  day, every  
second day, ev e ry  th ird  day, or not flushed. The a m itro l  concentrations 
rem ain ed  constant throughout the experim en t in that each  t re a te d  pot r e ­
ceived the sam e concentration  of m a te r ia l  on any success ive  flushing as 
it  had rece iv ed  on the orig inal flushing. New growth of plants t re a ted  
with 75, 100, and 125 m g m /L  a m itro l  was chlorotic  three days a f te r  the 
in itia l t re a tm en t was applied. Plants t re a ted  with the highest co n cen tra ­
tion began to die on the fifth day a fte r  t re a tm e n t initiation and plants 
t re a te d  with 75 m g m /L  a m itro l  began to develop g reen  s tr ia tions  through 
the chlorotic  a r e a s .  The 2 lowest concen tra tions, 25, and 50 m g m /L , 
did not cause ch lo rosis  in any plants 0  Only the orig inal application of 
a m itro l  produced any noticeable effect on the plants, i . e . ,  one ap p lica ­
tion of 100 m g m /L  a m itro l  caused  ch lo rosis  ju s t as pronounced as did 
the sam e ra te  applied every  day for nine days.
To m ore accu ra te ly  determ ine the optim um  sublethal ra te  of 
a m itro l  for the growth of chlorotic  t i s su e ,  fu r th e r  greenhouse e x p e r i ­
m ents w ere conducted along the sam e g en e ra l  lines of the one prev iously  
d iscu ssed . F ro m  these experim ents  it was found that application of a 
solution containing 80 m g m /L  a m itro l  to 4 -day  old co rn  would cause the 
plants to produce s tr ik ing ly  chlorotic  t is su e .  These plants usually  began
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to  die 8  to  9  days a f te r  being t r e a te d ,  but in som e ca se s  ch lo ro tic  plants 
w ere  m ain ta ined  in the greenhouse for 6  to 8  w eeks. In subsequent 
la b o ra to ry  e x p e r im e n ts , how ever, the plants used  w ere 1 1  or 1 2  days 
old unless o therw ise  ind icated ,
R e sp ira t io n  experim en ts  showed tha t  ch lo ro tic  t is su e  consis ten tly  
r e s p i r e d  a t  a s ligh tly  m ore rap id  ra te  than did con tro l t is su e  (F igure  4), 
The r e s p i r a to r y  quotients of both t is su e s  approached  unity which su g ­
ges ted  tha t the r e s p i r a to r y  su b s tra te  of both t is su e s  was c a rb o h y d ra te s .  
E s t im a tio n  of a sc o rb ic  ac id  oxidase ac tiv ity  showed tha t ch lo ro tic  
t is su e  had co n s id e rab ly  m ore  ac tiv ity  than did co n tro l  t issue  (F igure  5), 
The m ax im al oxidation peaks obtained when a sco rb a te  was oxidized in 
hom ogenates of ch lo ro tic  t is su e  were gen era lly  2 to 3 fold tha t of a s ­
co rba te  oxidation in con tro l  hom ogenates. It was noticed  th a t  in c e r ta in  
ex p e rim en ts  in which oxidation was continued for longer periods; i , e , ,
3 to 4 h o u rs ,  enzym atic  ac tiv ity  fe ll  m ore  rap id ly  with tim e in ch loro tic  
hom ogenates than in con tro l hom ogenates . The re a so n  for th is  m ore  
ra p id  decline in a sco rb a te  oxidation was not e s tab lish ed .
In view of the co m p ara tiv e ly  high leve l of a sc o rb ic  ac id  oxidase 
ac t iv i ty  in the ch lo ro tic  t is su e ,  ac tiv i t ie s  of cy tochrom e oxidase and 
polyphenoloxidase w ere a lso  d e te rm in ed  (F igure  6 ), Polyphenoloxidase 
ac tiv ity  was sligh tly  higher in con tro l t is su e  than in ch lo ro tic  t i s s u e .  
These r e s u l t s  suggest the poss ib il i ty  tha t  e s se n t ia l ly  a l l  of the te rm in a l  














































F ig u re  4* Oxygen and carbon  d io x id e  exchange o f  c o n t r o l  
and c h lo r o t i c  co rn  t i s s u e .  Numbers a t  p lo t t e d  

















F ig u re  5« O x idation  o f  a s c o rb a te  in  homogenates 
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F ig u re  6. O x id a tio n  o f  a s c o r b a te ,  cytochrom e c
and c a te c h o l  in  hom ogenates o f  c o n tro l  
and c h lo r o t i c  co rn  t i s s u e .  Arrow i n d i ­
c a te s  t i p - i n  o f  s u b s t r a t e s .
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oxidase  s y s te m  and a  polyphenoloxidase s y s te m .  B oth  t is s u e s  a p p a r ­
en tly  had a  s m a l l  p o rtion  of te r m in a l  oxidation m ed ia ted  b y  cy toch rom e 
o x id a se .
I t  is no tew orthy , how ever, th a t ,  in g e n e ra l ,  the r e s u l t s  obta ined  
in the cy to ch ro m e  oxidase  a s s a y s  w ere  not as  c o n s is te n t  a s  w ere  the 
o th e r  m a n o m e tr ic  a s s a y s .  The v a r ia t io n  ob ta ined  w as ,  in p a r t ,  due to 
the e x t r e m e ly  r a p id  oxidation of p -p h en y len ed iam in e . The oxidation of 
th is  m a te r ia l  often r e p r e s e n te d  90 to 95 per  cen t of the to ta l  oxidation 
a t t r ib u ta b le  to the oxidation of both cy toch rom e c and  p -p h en y len ed i­
am in e  .
D . E ffe c t  of pH on A sc o rb a te  Oxidation
Since a s c o rb ic  a c id  oxidase accoun ted  fo r  su ch  a p ro m in en t p o r ­
tion  of the te rm in a l  oxidation of the t i s s u e s  under s tudy , an  e x p e r im e n t  
was conducted  to  d e te rm in e  the effec t of pH on a sc o rb a te  oxidation in 
h o m o g en a te s .  C o n tro l  t is su e  sam p le s  w ere  hom ogenized  in p o ta s s iu m  
phosphate  bu ffer so lu tions of pH 4 .5 ,  5 .0 ,  5 .5 ,  6 .0 ,  and  6 .5 .  The pH 
of the re su l t in g  hom ogenates  was 502, 5 0 5, 5. 7, 6 . 1, and  6 . 6 , r e s p e c ­
t iv e ly ,  which ind ica ted  the p re se n c e  of a s tro n g  b u ffe r ing  ac tion  in the 
t i s  s u e .
T here  -was c o m p a ra t iv e ly  li t t le  d iffe ren ce  in the oxidation of a s ­
c o rb a te  in hom ogenates having pH of 5 .2 ,  5 .5 ,  or 5 .7  (F ig u re  7). 
A sc o rb a te  oxidation in c re a s e d  g re a t ly  a t  pH 6 . 1 and  a t  pH 6 . 6  oxidation 
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F ig u re  7* E f f e c t  o f  pH on th e  o x id a t io n  o f  a s c o rb a te  in  homo­
g e n a te s  o f  co m  t i s s u e .  Arrow in d ic a te s  t i p - i n  o f  
a s c o rb a te .
4 0
The optim um  pH for a sco rb ic  ac id  oxidase activ ity  has been r e ­
po rted  to be 5. 7 -5 .8 . It is believed  tha t the rap id  a sco rb a te  oxidation 
above pH 5 .7  was due to au to-oxidation  and not due to enzym atic ac tiv ity . 
These data em phasize the n ec e ss ity  fo r m aintaining an accu ra te  pH con­
tro l  in the co u rse  of em ploying th is m ethod of an a ly s is . The co n se­
quence of a change in pH during an ex p erim en t of this type is suggested  
by the data , but th is p o ssib ility  was checked a num ber of tim es without 
finding any pH change a t the end of such  ex p erim en ts .
It m ay be noted in F igu re  7 th a t a sco rb a te  was not tipped into the 
hom ogenates un til 75 m inutes a fte r the te s t  was s ta r te d . T ip -in  was d e ­
layed in o rd e r to observe the effect of pH on endogenous oxygen uptake. 
The hom ogenate pH apparen tly , how ever, had little  effect on th is uptake.
E . E ffect of A sco rbate  Concen tra tion  on A scorbate  Oxidation in 
Homogenate s .
F o r a sco rb a te  oxidation in hom ogenates to be indicative of a s ­
co rb ic  ac id  oxidase ac tiv ity  it m ust be estab lish ed  that the asco rb a te  leve l 
exceeds the m axim um  am ount that can be oxidized by the enzym e per unit 
tim e .
O ne-half m l aliquots of 0. 126, 0 .250 , 0 .375 , and 0.480M  a s c o r ­
bic ac id  w ere tipped into hom ogenates of con tro l and ch lo ro tic  t is su e .
The re su ltin g  oxidation showed that a sco rb a te  was a lim iting fac to r only 
when 0. 125 M asco rb a te  was used  (F igure  8 ). As would be expected , 
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F ig u re  B. The o x id a tio n  o f  a s c o rb a te  in  hom ogenates 
o f  c o n tro l  and c h lo r o t i c  co rn  t i s s u e  a s  
a f f e c te d  by a s c o rb a te  c o n c e n tr a t io n .  Arrow 
in d ic a te s  t i p - i n  o f  a s c o rb a te .
4 2
h om ogenates. Use of concen tra tio n s h igher than  0 .250 M re su lte d  in 
only s lig h tly  h igher oxidation than  was obtained w ith 0 .250 M a sc o rb a te .
It is be lieved  th a t 0 .250  M a sc o rb a te  provided  a su b s tra te  su rp lu s  for 
the enzym e and that the oxidation in c re a s e s  obtained w ith high concen ­
tra tio n  w ere due to  a sc o rb a te  au to -ox ida tion .
° E ffec t of Sodium  D iethy ld ith iocarbam ate  on R esp ira tio n  and A sco rb ic  
A cid  O xidase A ctiv ity  of C on tro l and C h lo ro tic  T is s u e s .
Sodium  d ie thy ld ith iocarbam ate  (dieca) che la tes copper and a la rge  
num ber of o ther m eta ls  under m ild  cond itions. A lthough it re a c ts  w ith 
iro n , it has p ra c tic a lly  no effect on cy tochrom e oxidase a t 0 .2  mM and, 
accord ing  to Jam es (1953) ap p ea rs  to be the m ost usefu l chelating  agen t 
fo r d istingu ish ing  copper enzym es fro m  cy tochrom e oxidase in s i tu .
The effect of d ieca  was stud ied  by vacuum  in filtra ting  co n tro l and 
ch lo ro tic  t is s u e s  in a 0 .2  m  M so lu tion  of the m a te r ia l  and determ in ing  
its e ffec t on re s p ira t io n . The re s u lts  of th ese  ex p erim en ts  a re  p r e ­
sen ted  in F ig u re  9. D ieca inhib ited  re s p ira tio n  of co n tro l tissu e  ap p ro x i­
m ate ly  9  per cen t w hereas ap p ro x im ate ly  2 0  per cen t inhibition was 
obtained in ch lo ro tic  t is s u e . Since co n sid erab ly  m ore of the te rm in a l 
oxidation of ch lo ro tic  tis su e  was m ed ia ted  th rough  a sc o rb ic  ac id  oxidase 
than th a t of co n tro l t is s u e , it was expected  th a t m ore inhibition would be 
obtained in the ch lo ro tic  t is s u e . If it is a ssu m e d  th a t m ost of the te r m i­
n a l oxidation of both tis su e s  was c a r r ie d  out by a sc o rb ic  ac id  oxidase 
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F ig u re  9* The e f f e c t  o f  d ie c a  on th e  oxygen u p tak e  o f  
c h lo r o t i c  and g re en  corn  t i s s u e .
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shown in F ig u re  9 appear low. It was concluded fro m  these stud ies that 
e ith e r d ieca did not com pletely  inhibit a sco rb ic  ac id  oxidase or that 
som e unknown enzym e was resp o n sib le  for a la rg e r  portion  of the 
te rm in a l re sp ira tio n  than was p rev iously  thought.
M oisture content of the tis su e s  was de term ined  and the dieca in ­
hibition data plotted on a d ry  weight b as is  (F igu re  9B) as w ell as on a 
w et w eight b as is  (F igure  9A). This was done to see if the d ifference in 
m o istu re  levels of the tis su e s  was g rea t enough to account fo r the higher 
ra te  of re sp ira tio n  of the ch lo ro tic  t is s u e . The data shown in F igu re  9B 
p recluded  th is p o ssib ility , how ever.
It was assu m ed  th a t the oxidation of a sco rb a te  in hom ogenates 
was due to  a sco rb ic  ac id  oxidase a lone. It was th e re fo re  decided to 
study the effect of d ieca on this oxidation to see if g re a te r  oxidation could 
be obtained on th is sy s te m  than had been obtained in the re sp ira tio n  of 
whole tis s u e . Data re p re sen ta tiv e  of th a t obtained fro m  a num ber of 
experim en ts a re  p resen ted  in F igu re  10, It can be seen  th a t e sse n tia lly  
the sam e degree of inhibition was obtained by tipping dieca into hom o- 
genages as was obtained on whole t is su e . This suggests the possib ility  
that 0. 17 mM dieca did not give as com plete inhibition of asco rb ic  acid  
oxidase of co rn  plants as has been obtained by w orkers using other 
so u rces  of plant m a te r ia l.
These data a re  alsoc p resen ted  on both a wet (F igure  10A) and dry 





















8 ,0 0 0
4,000
0






0 1 2  3 4
O-CHLOROTIC,ASCORBATE ALONE 
•  “CHLOROTIC, A SCOR BATE/DIECA 
A-GREEN,ASCORBATE ALONE
- A  “GREEN ,A3C0RBATE/DIECA
DRY WT. BASIS
0 2 3 41
HOURS
E ffe c t o f  d ie c a  on th e  o x id a tio n  of a sc o rb a te  
in  homogenates o f c h lo ro t ic  and green corn 
t i s s u e .  Arrow A in d ic a te s  t i p - i n  o f a sc o rb a te  
w h ile  arrow  B in d ic a te s  t i p - i n  o f  d ie c a .
4 6
(F ig u re  9), these data a lso  p rec luded  the p o ss ib ility  th a t the d iffe rences 
in a sc o rb ic  a c id  oxidase ac tiv ity  betw een the two tis su e s  m ay be e x ­
p lained on the b a s is  of m o is tu re  content*
T here  is g e n e ra l a g re em e n t th a t a sc o rb ic  ac id  oxidase is m ore 
c lo se ly  a s so c ia te d  w ith the c e ll w all fra c tio n  than w ith any other portion  
of the c e ll. Thus, if the ce ll w all frag m en ts  a re  rem o v ed  fro m  hom oge- 
na tes th e re  w ill be a co rrespond ing  d e c rea se  in enzym e concen tra tio n  
w ithin the su p ern a tan t solution* This th eo ry  was te s te d  by cen trifug ing  
a co n tro l hom ogenate a t 24 ,500 R .P .  M. fo r 5 m inutes a t  2° C in an 
In te rn a tio n a l M odel P  R -2  re f r ig e ra te d  cen trifu g e . A sco rb a te  oxidation 
was then  re c o rd e d  in the re su ltin g  su p ern a tan t and p re se n te d  in F ig u re  11 
w ith d ieca inhibition d a ta .
As in previous ex p e rim en ts , 0. 17 mM dieca inhib ited  only 9 per 
cen t of the to ta l a sc o rb a te  oxidation . A sco rb a te  oxidation in the sam ple 
th a t re c e iv e d  cen trifu g atio n  and a sam ple tre a te d  w ith 0.83 mM dieca 
was 23 per cen t le ss  than  th a t of the co n tro l sam p le . This indicates 
that a sc o rb ic  ac id  oxidase is a s so c ia te d  w ith the c e ll w all fra c tio n  of the 
p lan t. T hat only 23 per cen t inhibition was obtained w ith the h igher con­
cen tra tio n  of d ieca is c o n tra ry  to re p o r ts  of o ther w o rk ers  (Ja m e s , 1953).
II. C om para tive  Studies on the R esp ira tio n  and T e rm in a l 
O xidation of C o n tro l and C h lo ro tic  T issue  Grown 
Under V arious C onditions
In Jan u ary  and F e b ru a ry , 1958, sam p les  of co n tro l and ch lo ro tic  
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F ig u re  1 1 . The e f f e c t  o f  d ie c a  and c e n t r i f u g a t io n  
on th e  o x id a tio n  o f  a s c o rb ic  a c id  in  
hom ogonates o f  com  t i s s u e .  Arrow A 
I n d ic a te s  t i p - i n  o f  a s c o rb a te  w h ile  
. a rrow  B in d ic a te s  t i p - i n  o f  d ie c a .
4 8
v a rio u s  e le m e n ts . The r e s u lts  of th e se  an a ly ses  a re  p re se n te d  in IV, 
D e te rm in a tio n  of V arious C om ponents of C o n tro l and C h lo ro tic  T is s u e s .
D uring the c o u rse  of th ese  d e te rm in a tio n s  no ex p e rim en ts  w ere co n ­
ducted  in w hich e ith e r  re s p ira t io n  or te rm in a l  oxidation of the tis su e s  
w ere  stu d ied  and it was not u n til M arch , 1958* that su ch  s tu d ies  w ere 
aga in  u n d ertak en , M anom etric  e x p e rim en ts  conducted a t  th is  tim e 
fa ile d  to  show th a t ch lo ro tic  tis su e  had any  h igher a sc o rb ic  ac id  oxidase 
a c tiv ity  than did co n tro l t is s u e .  A ll p ro ced u res  em ployed , f ro m  grow th  
of p lan ts to oxidase d e te rm in a tio n s , w ere checked  in m inute d e ta il bu t 
it  w as concluded th a t the m ajo r te rm in a l oxidation of the tis su e s  was 
no t m ed ia ted  th rough  an a sc o rb ic  ac id  oxidase sy s te m  as had p rev io u sly  
b een  found. It was th e o riz e d  that som e en v iro n m en ta l condition under 
w hich the p lan ts w ere grow n had cau sed  a  sh if t f ro m  one p redom inan t 
te rm in a l oxidase to a n o th e r . A s e r ie s  of ex p e rim en ts  w ere conducted 
to study  som e effec ts  of ligh t, te m p e ra tu re , and age of p lan t on the 
r e s p ira t io n  and te rm in a l oxidation of co n tro l and ch lo ro tic  t i s s u e s .
Ĵ Lm E ffec t of P lan t Age on A sco rb ic  A cid  O xidase and Polyphenoloxidase 
E s tim a tio n s  of a sc o rb ic  a c id  oxidase and polyphenoloxidase w ere 
conducted  in hom ogenates of co n tro l t is s u e , the g re e n  a r e a  of a m itro l  
t r e a te d  p lan ts , and ch lo ro tic  t is su e s  of a m itro l  t r e a te d  plants over 7,
6 , and  5 -day  p e r io d s , re sp e c tiv e ly . A su m m a ry  of the data  obtained in 
th ese  e x p e rim en ts  is p re se n te d  in F ig u re  12. F o r  b re v ity  the p lo tted  
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the oxidation  cu rv es  ob tained  in th e se  e x p e rim e n ts .
The a sc o rb ic  a c id  oxidase a c tiv ity  of co n tro l t is su e  re m a in e d  
con stan t th ro u g h  the 7 day t e s t  p e rio d  (F ig u re  12A). P o lyphenolox i­
dase  ac tiv ity  of c o n tro l p lan ts 5, 6 , and 7 days old was ap p ro x im a te ly  
4 tim es a s  g re a t a s  a sc o rb ic  a c id  ox idase ac tiv ity  in plants of the sam e 
a g e . A s the age of p lan ts in c re a se d  to the 9th day, how ever, polyphenol 
oxidase a c tiv ity  d ropped  to  a point s lig h tly  below  th a t of a sc o rb ic  ac id  
o x id ase , and had d e c re a se d  even fu r th e r  when the plants w ere 1 1  days 
old. The ex p e rim en ts  w ere te rm in a te d  a f te r  the p lan ts w ere 11 days 
old since  only 1 1  day old plants w ere being u tiliz e d  in o ther ex p e rim en ts  
The oxidation cu rv es  of a sc o rb a te  and ca tech o l in hom ogenates 
p re p a re d  of the g re e n  po rtion  of a m itro l  tre a te d  p lan ts w ere s tr ik in g ly  
s im ila r  to  those ob tained  f ro m  c o n tro l hom ogenates (F ig u re  12B). The 
only excep tion  to  th is was the polyphenoloxidase a c tiv ity  of 9 -day  old 
p la n ts . The a c tiv ity  of this enzym e on th is  date in the tr e a te d -g re e n  
p lan ts was ap p ro x im a te ly  3 tim es th a t of co n tro l p lan ts .
A sc o rb ic  a c id  oxidase ac tiv ity  of ch lo ro tic  tis su e  c lo se ly  p a r a l ­
le le d  tha t of bo th  co n tro l and tre a te d -g re e n  plants (F ig u re  12C). P o ly ­
pheno lox idase , how ever, was co n s id e ra b ly  low er in ch lo ro tic  t is su e  of 
7 -day  old p lan ts than in e ith e r  of the o th er t is s u e s ,  in c re a s e d  to a 
m ax im um  in 9 -day  old p lan ts , then  d e c re a se d  on the 1 1 th  day to  a lev e l 
quite  co m p arab le  to  th a t of the o ther t i s s u e s .
A sco rb ic  ac id  oxidase seem ed  to p redom inate  over
polyphenoloxidase only in 11-day old tis su e . No la rge  d ifferences in 
a sco rb ic  ac id  oxidase ac tiv ity  betw een co n tro l and ch lo ro tic  tissu es  
w ere found in these experim en ts re g a rd le s s  of plant a g e s . The re su lts  
of these experim en ts do point out, how ever, the n e c e ss ity  of using plant 
m a te r ia l of a un iform  age in a ll  fu tu re  w ork. It was re a liz e d  in p r e ­
vious work th a t daily  changes in the te rm in a l oxidase system s did, in 
a ll  p robab ility , occur but it was not re a liz e d  th a t these changes o ccu rred  
w ith the rap id ity  indicated  by these  te s ts .
B . E ffect of L ight In tensity  on the A ctiv ity  of A sco rb ic  A cid Oxidase 
and Polyphenoloxidase in C ontro l and C hloro tic  P la n ts ,
Since light in tensity  has such a profound effect on the syn thesis 
of a sco rb ic  ac id  in plants (B onner, 1950), it was fe lt that ligh t m ay a lso  
be a sso c ia te d  with a sco rb ic  ac id  oxidase ac tiv ity . This possib ility  was 
f i r s t  stud ied  by growing con tro l and ch lo ro tic  plants under reduced  ligh t 
in tensity  in the g reenhouse. Shading was accom plished  by placing plants 
under a canopy made of ch eesec lo th . P lan ts under this canopy rece iv ed  
only 60 per cent of the ligh t in tensity  which unshaded plants rece iv ed .
The light in tensity  v a ried  considerab ly , how ever, during the period  in 
which the plants w ere grow n. This v a riab ility  was due to  se v e ra l days 
of in te rm itten tly  cloudy w eather which caused  the light in tensity  during 
any one of se v e ra l days to v ary  fro m  approx im ate ly  1 0 0  foot candles to 
1 0 , 0 0 0  foot cand les.
When the plants w ere 11 days old, they w ere h a rv ested  and
estim ations made in a sco rb ic  ac id  oxidase and polyphenoloxidase a c ­
tiv itie s . The re su lts  a re  shown in F igure  13. The only sign ificant 
change found in oxidase activ ity  due to shading was a reduction  in poly­
phenoloxidase ac tiv ity  of con tro l tissue  (F igure 13A). Shading a lso  
caused  sm a ll reductions in polyphenoloxidase of ch loro tic  tissu e  
(F igure  13A) and in a sco rb ic  ac id  oxidase of both con tro l and chlorotic  
plants (F igure  13B). A scorb ic  acid  oxidase ac tiv ity  of the ch lorotic  
tissu e  was approx im ately  twice as g re a t as polyphenoloxidase activ ity  
but even so , the ac tiv ity  of this enzyme was only a frac tio n  of that which 
had been dem onstra ted  in chloro tic  tissu e  the previous y e a r .
In o rd er to study the effect of light on te rm in a l oxidation under 
m ore uniform  light conditions, plants were grown a t 70° F . and a con­
s tan t light source was supplied with incandescent and flo u rescen t light 
bu lbs. The unshaded plants w ere exposed to a light in tensity  of ap p ro x i­
m ate ly  2 0 0  foot candles while shaded plants rece iv ed  approxim ately  1 1 0  
foot candles of light. The day length (hours of ligh t/day) was 16 hours. 
The oxidation data obtained in hom ogenates p rep a red  from  the plants a re  
p resen ted  in F igure  14.
Shading the plants caused an in c rease  in polyphenoloxidase activ ity  
of ch lorotic  tissu e  and a decrease  in polyphenoloxidase of con tro l tissu e  
(F igure  14A). Shading had an opposite effect on asco rb ic  ac id  oxidase 
ac tiv ity  in that it d ec reased  in ch lo ro tic  tissu e  when shaded and sligh tly  
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F ig u re  13. O x ida tion  o f  a sc o rb a te  and c a te c h o l in  
homogenates o f c o n tro l  and c h lo ro t ic  
t i s s u e  grown under d i f f e r e n t  l i g h t  in ­
t e n s i t i e s  in  th e  g reenhouse. Arrows 








































F ig u re  14 . O x idation  o f  a s c o rb a te  and c a te c h o l in  .
homogenates o f  c o n tro l  and c h lo r o t ic  
t i s s u e  grown under d i f f e r e n t  l i g j i t  in ­
t e n s i t i e s  a t  70° F . Arrows in d ic a te  
t i p - i n  o f  s u b s t r a te s .
55
m ark ed  e ffec t on the te rm in a l oxidation of ch lo ro tic  tis su e  and a sligh t 
e ffec t on that of co n tro l tissue,,
Any a tte m p t to make valid  com para tive  conclusions betw een the 
data of F ig u re  13 and th a t of F ig u re  14 is p rec luded  by the fac t th a t the 
ligh t in ten s itie s  of the g reenhouse  grow n tissu e  a re  not known. If such  
data w ere av a ilab le , it would be com plica ted  by the inco n sis ten c ies  in 
in ten s itie s  due to  cloudy w ea th e r. Even so , the p o ss ib ility  e x is ts  that 
the tis su e  grown in the greenhouse  was ligh t sa tu ra te d  during the daylight 
hours while th a t grow n a t 70° F 0  was not.
C . E ffec t of T em p era tu re  on R e sp ira tio n  and T e rm in a l O xidation of 
C o n tro l and C h lo ro tic  P la n ts„
C on tro l and ch lo ro tic  p lants w ere grow n in two constan t te m p e ra ­
tu re  room s a t 70° and 90° F . As was re p o rte d  in the previous sec tion  
B , those plants grown a t  70° F . had a la rge  portion  of th e ir  te rm in a l 
oxidation m ediated  th rough  a sc o rb ic  ac id  ox idase . E s tim a tio n s  of 
te rm in a l oxidase ac tiv ity  w ere a lso  made on plants grow n a t  90° F . , bu t 
v a riab le  re s u lts  w ere ob tained. The^e plants g en e ra lly  had low a c tiv i­
tie s  of bo th  a sc o rb ic  ac id  oxidase and polyphenoloxidase. In one s e r ie s  
of te s t  plants., the fo rm e r enzym e seem ed  to predom inate  while in a 
second s e r ie s  of plants the la t te r  enzym e predom inated . It was known 
th a t p lants grow n in the g reenhouse  had a predom inance of polyphenol­
oxidase and th a t those  grown a t  70° F . p redom inate ly  exhib ited  a sc o rb ic  
ac id  oxidase a c tiv ity , so it was decided to  make a com parative  study of
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th e se  g roups of p lan ts w ith  r e g a r d  to  r e s p ir a t io n  and  te rm in a l  ox ida tion .
The e ffec t of te m p e ra tu re  on the r e s p ir a t io n  of c o n tro l and 
c h lo ro tic  p lan t t is s u e  is shown in F ig u re  15. The r e s p ir a t io n  of the 
g reen h o u se  c h lo ro tic  t is s u e  was m uch h ig h er than  e ith e r  the g reen h o u se  
grow n c o n tro l p lan ts  (F ig u re  15B), or bo th  c h lo ro tic  and  c o n tro l p lan ts 
g row n a t  90° F .  (F ig u re  15A). The r e s p ir a t io n  of g reen h o u se  grow n 
c o n tro l tis su e  on the c o n tra ry , w as low er than  th a t of c o n tro l p lan ts 
g row n a t  70° F .  T his is som ew hat s u rp r is in g  since  the g reenhouse  
te m p e ra tu re s ,  though v a r ia b le , w ere  g e n e ra lly  90° to 95° F .  The 
r e s p i r a to r y  q uo tien ts  of the c o n tro l p lan ts ap p ro ach ed  un ity  in a l l  c a s e s .  
The c h lo ro tic  g reen h o u se  grow n tis su e  had  r e s p i r a to r y  q uo tien ts  of 0. 81 
to  0 . 8 8  w hich su g g es ts  th a t th is  t is s u e  m ight have been  m etab o liz in g  
e ith e r  p ro te in s  or f a ts .  The c h lo ro tic  tis su e  f ro m  the 70° F , ro o m  had 
r e s p i r a to r y  q uo tien ts  w hich v a r ie d  f ro m  1.09 to 10 14. This p e rh ap s  su g ­
g e s ts  th a t ox idation  of s m a ll  q u an titie s  of o rg an ic  ac id s  along w ith  c a r b o ­
h y d ra te  m e ta b o lism .
A sc o rb a te  and  ca te ch o l ox idation  data ob ta ined  using  hom ogenates 
of th ese  p lan ts a r e  p re se n te d  in F ig u re  16. T hese data  su b s ta n tia te d  
those  of p rev io u s e x p e rim en ts  in th a t g reen h o u se  grow n p lan ts show ed 
a  p redom inance  of po lyphenoloxidase w hile p lan ts g row n a t  70° F .  show ed 
g r e a te r  a sc o rb ic  a c id  ox idase a c tiv ity . Thus it would se e m  th a t c o n tro l 
p lan ts  can  sh if t f ro m  one p red o m in an t te rm in a l  ox idase  s y s te m  to an o th e r 
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F ig u re  15 . Gas exchange o f  c o n tro l  and c h lo r o t ic  co rn
t i s s u e .  Numbers i n d ic a te  r e s p i r a to r y  q u o tie n t ,
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e 16 . O x id a tio n  o f  a s c o rb a te  and c a te c h o l  in  
hom ogenates o f  c o n t r o l  and c h lo r o t i c  
> co rn  t i s s u e .  Arrow in d ic a t e s  t i p - i n  o f
a s c o rb a te  and c a te c h o l .
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of c h lo ro tic  t i s s u e ,  h o w ev er, a  r e s p i r a to r y  q u o tien t le s s  th an  unity  
se e m s  to in d ica te  the p red o m in an ce  of po lyphenoloxidase w hile a 
r e s p i r a to r y  q u o tien t of un ity  o r above se e m s  to ind ica te  p redom inance  
of a s c o rb ic  a c id  o x id ase .
The inh ib ition  of 0 .2 0  mM d ieca  on a sc o rb a te  ox idation  in h o m o ­
g en a tes  of p lan ts  g row n a t  70° F .  was s tu d ied  and the r e s u l ts  show n in 
F ig u re  17. C o n sid e rab ly  m o re  inh ib ition  was ob ta ined  in th ese  e x p e r i ­
m en ts than  in p rev io u s e x p e rim en ts  u sin g  tis s u e  w hich m ed ia ted  m o s t 
of its  ox idation  th ro u g h  a sc o rb ic  a c id  ox idase (F ig u re s  10 and  11). A s 
in p rev io u s e x p e r im e n ts , g re a te r  inh ib ition  w as ob ta ined  on the e n z y ­
m a tic  a c tiv ity  of ch lo ro tic  t is s u e  than  on th a t of c o n tro l t is s u e . This 
fu r th e r  su g g es ts  the p o ss ib ility  th a t a s c o rb ic  a c id  ox idase  a c tiv ity  was 
g r e a te r  in c h lo ro tic  t is su e  than  in the c o n tro l t i s s u e .  The g r e a te r  in ­
h ib itio n  ob ta ined  in th is  c a se  could  p o ss ib ly  be due to  la ck  of c e r ta in  
p ro te c tiv e  m ech an ism s p a sse d  by p lan ts p re v io u s ly  te s te d .
It was re a l iz e d  th a t  cy to ch ro m e ox idase  m ight p lay  an  im p o rta n t 
ro le  in the te rm in a l  ox idation  of th ese  t is s u e s ;  e s p e c ia lly  in th a t of the 
g reen h o u se  grow n t is s u e .  S e v e ra l e x p e rim en ts  w ere  conducted  to  e s t i ­
m ate  the a c tiv ity  of th is enzym e and  w hile ev idence fo r  its  p re se n c e  was 
found, it  w as no t f e l t  th a t the m an o m e tric  a s s a y s  conducted  w ere  q u a n ti­
ta tiv e ly  in d ica tive  of its  a c tiv ity . O ther m eth o d s, using  re d u c e d  c y to ­
ch ro m e c m a n o m e tr ic a lly  and sp e c tro  photo m e tr ic a lly , w ere  ev a lu a ted  
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F ig u re  17. E f fe c t  o f  d ie c a  on th e  o x id a tio n  o f 
a sc o rb a te  in  homogenates o f  c o n tro l  
and c h lo r o t ic  corn t i s s u e .
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Since an adequate quan tita tive  a s s a y  m ethod fo r cy tochrom e o x i­
dase  was not av a ilab le , it was decided  to  em ploy the use of carbon  
m onoxide (CO) to d iffe ren tia te  betw een iro n  and copper containing e n ­
zy m es. As was p rev io u sly  re p o r te d , inhibition is caused  by th is gas 
on cy tochrom e oxidase and o ther iro n  containing enzym es in the d a rk n ess  
and th is  e ffec t is r e v e rs e d  in ligh t of the v isib le  sp e c tru m . The in h ib it-
r
ing ac tio n  of CO on copper containing enzym es is not ligh t re v e rs ib le .
P r io r  to  the u tiliza tio n  of CO, an ex p erim en t was conducted to 
study the effect of ligh t on greenhouse  grown plants,, Using conven­
tio n a l W arburg  m ethods, tis su e  sam ples w ere exposed to a lte rn a te  light 
and d ark  periods and oxygen and  carbon  dioxide exchange data re c o rd e d  
a t the end of each  p erio d  (F ig u re  18). T issue  sam ples w ere exposed to 
a light in ten sity  of ap p ro x im ate ly  125 foo t can d les . L ight had  no ob­
se rv ab le  effect on e ith e r  oxygen uptake or carbon  dioxide output of 
the ch lo ro tic  tissu e  sa m p le s . The exchange of both  g asse s  in co n tro l 
tissu e  was inhib ited  by exposing of the tis su e  to  lighto R e sp ira to ry  
quotients of bo th  tis su e s  w ere unaffected  by ligh t.
The data obtained using CO to inhib it co n tro l and ch lo ro tic  tis su e  
ai-e p re sen ted  in F ig u re  19. The inhibition of tissu e  of bo th  co n tro l and 
ch lo ro tic  p lants grow n a t  70° F .  was not ligh t re v e rs ib le  (F ig u re  19A). 
This is indicative of the p resen ce  of a copper enzym e serv ing  as  the 
te rm in a l ox idase . C onsiderab le  inhibition was obtained fro m  CO on both 











































F ig u re  13. E f fe c t  o f  . l i g h t  on th e  r e s p i r a t io n  o f
green  and c h lo r o t ic  corn t i s s u e .  Arrows 
in d ic a te  when l i g h t s  were tu rn e d  on and 
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F ig u re  19. E f f e c t  o f  carbon monoxide on oxygen u p tak e  o f  con­
t r o l  and c h lo r o t ic  corn  t i s s u e .  Arrows in d ic a te  
tim e  a t  w hich l i g h t s  w ere tu rn e d  on and o f f .  The 
t i s s u e  o f  g raph  A was grown a t  70° F . w h ile  t h a t  o f  
graph B was grown in  th e  g reen h o u se .
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iden tica l w ith tha t of the uninhibited tissue,, It would seem , how ever, 
that even m ore inhibition would have been obtained than was indicated  
by the data . While p rev iously  obtained data a lso  indicated  the p resence 
of a copper enzym e (asco rb ic  ac id  oxidase) in the 70° plants (F ig u res  
16 and 17), it was assu m ed  th a t a sm a lle r  portion  of the te rm in a l oxida­
tion would be m ediated through cytochrom e ox idase. The p resen ce  of 
an active cytochrom e oxidase sy stem  then, would have been re fle c te d  to 
som e degree in ligh t re v e rs ib ili ty  of the inhibition obtained. The data , 
how ever, do not indicate any ligh t re v e rs ib ili ty .
The carbon monoxide inhibition of greenhouse grown ch loro tic  
tis su e  showed strik ing  light re v e rs ib ili ty  (F igure  19B). which is ind ica­
tive of cytochrom e oxidase ac tiv ity . The inhibition of con tro l tissu e  was 
not light re v e rs ib le . This is som ew hat su rp ris in g  since it was indicated  
in. e a r l ie r  w ork tha t both a sco rb ic  ac id  oxidase and polyphenoloxidase 
ac tiv itie s  w ere lim ited  in th is tissu e  (F igure  16b ), and it was assum ed  
th a t these w ere a lso  rep laced  by cytochrom e oxidase. It is a lso  of 
in te re s t that re sp ira tio n  of the CO inhibited  con tro l tissu e  was not fu rth e r  
inhibited in the p resence  of ligh t. The re a so n  for this is not known but it 
is noticeable th a t CO did not cause as m uch inhibition of the greenhouse 
grow n tis su e s  as it did of those grown a t 70° F .
In an a ttem p t to substan tia te  the CO inhibition data obtained using 
whole tis su e , experim ents w ere conducted to study the effect of CO on the 
oxidation of asco rb a te  and cytochrom e c in hom ogenates. A lthough som e
65
d e g re e  of inh ib ition  was ob ta ined  in a l l  of th ese  e x p e r im e n ts , it was 
g e n e ra lly  le s s  than  th a t ob ta ined  using  whole t is s u e . I t was n e c e s s a ry , 
w hile em ploying CO, to  u se  a lte rn a te  ligh t and d a rk  p e rio d s  to d is ­
tin g u ish  betw een  the  iro n  and  copper e n z y m e s . It w as a p p a re n t in 
th ese  e x p e rim e n ts  th a t lig h t g re a tly  a ffec ted  the ox idation  of a sc o rb a te  
and to som e ex ten t cy to ch ro m e c , in the h o m o g en a tes . In view  of the 
fa c t  th a t  m ic ro sc o p ic  ex am in a tio n s of hom ogenates c o n s is te n tly  show ed 
th a t  the  hom ogenates w ere  c e l l - f r e e ,  th is p ronounced  e ffec t due to  lig h t 
is s u rp r is in g  and  w ithout ex p lan a tio n  a t  p re s e n t .  The ligh t p e riods 
w ere  10 to  15 m in u tes  in leng th  and  quite  often the r a te  of su b s tra te
ox idation  w ould change ra p id ly  w ithin  a lig h t p e rio d . Such v a r ia tio n  
o o
often ca u se d  90 to 110 changes in the line slope of the p lo tted  d a ta .
T h is ten d ed  to  m ake in te rp re ta tio n  of the data  im p o ssib le  o th er th an  the 
fa c t th a t  CO did cau se  inh ib ition  of the  two s u b s tra te s  in h o m o g en ates .
III. The E ffe c t of Iodoacetic  A c id , 2, 4 -D in itro p h en o l, M alonic 
A c id , Sodium  A zide and Sodium  F lu o rid e  on the R e sp ira tio n  
of C o n tro l and  C h lo ro tic  T is su e s
The use of se le c tiv e  in h ib ito rs  is g e n e ra lly  c o n s id e re d  to  be one 
of the m o s t im p o rta n t too ls fo r  e lu c id a tin g  d iffe ren c e s  in m ech an ism s of 
r e s p ir a t io n  of t i s s u e s .  Ja m e s  (1953) c o n s id e rs  se le c tiv e  in h ib ito rs  to  be 
th o se  su b s ta n c e s  th a t have a  high a ffin ity  fo r one o r m o re  re a c tiv e  poin ts 
on an  enzym e s u r fa c e . Often it is the cond itions under w hich a su b stan ce  
is a p p lied  th a t d e te rm in e s  the sp e c if ic ity  of th a t su b s ta n c e . Some of the
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m ore im p o rtan t en v iro n m en ta l conditions th a t re g u la te  sp e c if ic ity  a re  
lig h t, te m p e ra tu re , pH, and co n cen tra tio n  of the in h ib ito r . E m ploying 
the p ro p e r s e t  conditions then , c e r ta in  inh ib ito rs  m ay be sp ec ific  fo r  
e ith e r  a g iven enzym e or a  g roup  of re la te d  enzym es; i . e .  , heavy m e ta l 
enzym es or copper v s . iro n  en zy m es .
A . Iodoacetic  A cid
T h ere  is g e n e ra l g reem en t th a t the m o st su scep tib le  enzym e to 
1 mM iodoacetic  a c id  is tr io sep h o sp h a te  dehydrogenase  (Ja m e s , 1953). 
A pp lica tion  of 1 mM iodoacetic  a c id  cau sed  73 per cen t inhib ition  in the 
re s p ira t io n  of co n tro l tis su e  and e s s e n tia lly  100 per cen t inh ib ition  of 
ch lo ro tic  tis su e  (F ig u re  20A). If it is a ssu m e d  th a t no o ther enzym es 
w ere  a ffec ted  by th is co n cen tra tio n , it  would se e m  th a t ch lo ro tic  p lan ts 
a r e  m ore  dependent on g lycoly tic  p roducts re su ltin g  f ro m  ac tion  of t r io -  
sephosphate  dehydrogenase  than  a re  co n tro l p la n ts . O ther enzym es m ay  
be s lig h tly  a ffec ted  by low co n cen tra tio n s  of th is  m a te r ia l ,  how ever, 
som e of th ese  being a lcoho l d eh y d ro g en ase , su cc in ic  dehydrogenase 
and  u re a s  (Jh m e s , 1953).
If it w ere a ssu m e d  th a t the inhib ition  obtained  in bo th  tis su e s  was 
due to  a red u c tio n  in ac tiv ity  of tr io s e  phosphate dehydrogenase , it  would 
ap p ea r th a t the c o n tro l tis su e  had som e fo rm  of p ro tec tiv e  m echan ism (s) 
or th a t th is t is su e  p o sse sse d  som e pathw ay w hich could  bypass t r io -  
sephosphate  dehydrogenase; i . e . ,  the hexose m onophosphate shun t. To 
























Figure 20. Effect' of various inhibitors on the oxygen uptake of 
chlorotic and green corn tissues.
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an d  u n tre a te d  t is s u e s  over a  20 -hou r period,, S ince ca rb o n  dioxide is 
evo lved  in the hexose m onophosphate shun t bu t no oxygen is consum ed , 
an  in c re a s e  in the r e s p i r a to r y  q u o tien t due to  iodoacetic  a c id  tre a tm e n t 
w ould be ind ica tive  of shun t a c tiv ity . No in c re a s e  in the  r e s p i r a to r y  
q uo tien ts  of e i th e r  t is s u e  was found. Thus it  a p p e a rs  th a t the c o n tro l 
p lan ts  p o s se s s  som e p ro tec tiv e  m ech an ism (s) a g a in s t com ple te  inh ib ition  
by  iodoace tic  a c id . 1
B . 2 , 4 -D in itro p h en o l
A t v e ry  low c o n cen tra tio n s  th is  m a te r ia l  m ay cau se  s tim u la tio n  of
_ o
oxygen uptake while h igher r a te s ,  10"* to 10” M, u su a lly  in h ib it r e s p i r a ­
tio n . The e ffec t of any g iven co n c e n tra tio n  v a r ie s  w ith  the t is s u e  being 
s tu d ied . The e ffec t of 3 mM 2 ,4 -D N P  on c o n tro l and ch lo ro tic  tis su e  
a r e  show n in F ig u re  20C . A p p ro x im a te ly  5 p er cen t inh ib ition  of oxygen 
uptake w as ob ta ined  in c o n tro l t is su e  w h ereas  25 p er c en t inh ib ition  was 
ob tained  in c h lo ro tic  t is s u e .
R e s p ira to ry  s tim u la tio n  w ith  2 ,4 -D N P  is g e n e ra lly  a ttr ib u te d  to 
inh ib ition  of phosp h o ry la tio n  and fo rm a tio n  of e n e rg y - r ic h  phosphates 
(C hance and  W illiam s,. 1956). L ittle  is known of the cau se  of r e s p i r a ­
to ry  inh ib ition  w ith  th is m a te r ia l s in ce  re la t iv e ly  low c o n cen tra tio n s  
cau se  no inh ib ition  of m e ta l ox idases (J a m e s , 1953)0 It is ev iden t f ro m  
the d a ta  of th is study , h o w ev er, th a t c h lo ro tic  and  c o n tro l t is s u e s  r e ­
spond to 2 ,4 -D N P  tre a tm e n t quite  d iffe ren tly .
C . M alonic Acid
The effects of 10 mM m alonic a c id  on co n tro l and ch lo ro tic  tis su e s  
a re  shown in F ig u re  20B. A pprox im ate ly  90 per cent inhibition was ob­
ta in ed  in the re s p ira tio n  of ch lo ro tic  tissu e  but only 25 per cent inhibition 
was obtained in co n tro l t is su e .
The p rin c ip a l effect of m alonic a c id  is in the inhib ition  of succ in ic  
dehydrogenase . This enzym e has an  affin ity  ra tio  of 50/1  in favor of 
m alonate to succinate  (Ja m e s , 1953). Thus the data of F ig u re  20B in d i­
ca te  th a t m ore  of the re s p ira tio n  of co n tro l tissu e  is m ed ia ted  th rough 
succin ic  dehydrogenase than th a t of co n tro l tis su e  or that p ro tec tive  
m echan ism s a re  low ered  in the ch lo ro tic  t is s u e .
D . Sodium  Azide
Sodium  azide was em ployed as a r e s p ir a to ry  inh ib itor a t  a co n ­
cen tra tio n  of 1 mMo A pprox im ate ly  80 p er cent inhibition of oxygen u p ­
take was obtained in both  co n tro l and  ch lo ro tic  t is s u e s .
A t a concen tra tio n  of 1 mM the effect of sodium  azide is p r im a r ily  
tha t of inhibiting m eta l ox idases (Ja m e s , 1953). Since e sse n tia lly  the 
sam e am ount of inhibition was obtained in bo th  t is s u e s ,  it ap p ea rs  tha t 
ap p ro x im ate ly  the sam e per cen t of te rm in a l oxidation of both  tis su e s  
is m ed iated  th rough  m eta l containing en zy m es. This ind ica tes tha t 
flav o p ro te in s  play no im p o rtan t ro le  in the te rm in a l oxidation of the 
two tis s u e s  under study .
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E . S odium  F lo u r  ide
Sodium  f lu o r id e , a t  a  concen tra tion , of 10 m M , c a u se d  a p p ro x i­
m a te ly  a 50 p e r c e n t re d u c tio n  in the oxygen uptake of b o th  c o n tro l and 
c h lo ro tic  t i s s u e s .
The p r im a ry  m ode of a c tio n  of th is  m a te r ia l  is th a t of inh ib iting  
the ac tio n  of en o la se  ( 'Jam es, 1953), the enzym e re sp o n s ib le  fo r the 
co n v e rs io n  of p h o sp h o g ly ceric  a c id  to  phosphopyruvic  a c id . E n o lase  
is in h ib ited  by  m ag n esiu m  being w ithdraw n f ro m  the enzym e by  the 
in h ib ito r , re s u lt in g  in the fo rm a tio n  of a  com plex  m ag n esiu m  f lu o ro -  
p h o sp h a te . S ince an  e x c e ss  of inh ib ito r was added  to b o th  t i s s u e s ,  it 
is  a s su m e d  th a t en o lase  a c tiv ity  m u st p ro c e ed  a t  the sam e re la tiv e  ra te  
in b o th  t i s s u e s .
Since only  50 p e r cen t inh ib ition  was ob tained  in the in itia l e x p e r i ­
m en ts  w ith  so d iu m  flu o rid e , it was fe lt th a t m o re  lengthy  p e rio d s  of 
t re a tm e n t m ight cau se  m ore  inh ib ition  and  th e re b y  ind icate  d iffe ren ces  
in en o lase  a c tiv it ie s  be tw een  the two t is s u e s .  T his p o ss ib ility  was stu d ied  
b u t t r e a tm e n t p e rio d s  up to 15 hou rs  did not cau se  any a p p re c ia b le  d ro p  in 
r e s p ir a t io n  below  th a t ob ta ined  w ith  1 to  2 hour t r e a tm e n t  p e r io d s .
IV. D e te rm in a tio n  of V arious C om ponents of C o n tro l 
and C h lo ro tic  T is su e s
The re la tiv e  d eg ree  of c h lo ro s is  p re s e n t in m any p lan ts is often 
a s s o c ia te d  w ith  the c o n cen tra tio n  of c e r ta in  co n s titu en ts  of the ch lo ro tic
plantso To study som e of the possib le  re la tio n sh ip s of som e of these  
ce llu la r com ponents to re sp ira tio n  and te rm in a l oxidation data obtained 
p rev iously , ana ly ses w ere conducted for ca rb o h y d ra te s , organic ac id s , 
and se v e ra l e lem en ts . The tis su e s  used in these de term inations w ere 
of con tro l and ch lo ro tic  plants in which a sco rb ic  acid  oxidase was 
d em onstra ted  as being the predom inant te rm in a l oxidase,
•A-* C arbohydrate  s
The to ta l carbohydrate  lev e l of ch lo ro tic  tissu e  was considerab ly  
higher than that of co n tro l tissu e  (Table 1), This is in c o n tra s t w ith the 
findings of H all e t a l .  (1954) who found a net d ec rea se  in to ta l c a rb o ­
hydrates following a m itro l tre a tm e n t of cotton p lan ts . These w orkers 
found d ec rea se s  in reducing su g a rs , su c ro se  and h em i-ce llu lo ses  with 
a sligh t inci'ease in the s ta rc h  content of a m itro l tre a te d  p lan ts . The 
re su lts  of carbohydrate  analyses of th is study, if e x p re ssed  on a wet 
weight b a s is , show th a t ch lo ro tic  p lan ts  had approx im ately  twice the 
carbohydrate  content of u n trea ted  p lan ts ,
B , Organic Acids
T otal organic acids w ere de term ined  in con tro l and ch loro tic  
tis su e s  a t two d ifferen t d a tes . The organic acid  data p resen ted  in 
Table 1 a re  av erag es of the two an a ly se s .
Both groups of tissu es  stud ied  showed th a t ch lo ro tic  tissu e  has 
e ssen tia lly  no oxalic ac id  p re se n t. C ontro l tissu e  averaged  0.015 mgm
Table 1. Some components of control and chlorotic tissu e .







Acid* Carbohydrates N P Mn Fe
C ontr ol 91.9 .015 .607 31.86 2.62 . 108 .035 . 0562
Chlorotic 90.0 . 001 .-511 51.00 2.91 .248 .069 .0650
Total organic acids minus oxalic acid.
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of oxalic a c id /g ra m  w et w eight. T otal organic acids (to ta l m inus 
oxalic acid ) w ere h igher in both d e te rm ina tions in co n tro l tissu e  than 
in ch lo ro tic  t is s u e . Since the ra te  of re s p ira tio n  of ch lo ro tic  tis su e  
was m ore ra p id  than th a t of co n tro l t is su e , it m ight be a ssu m ed  th a t 
organic acids would occur in h igher concen tra tions in the co n tro l t is s u e . 
The ch lo ro tic  tissu e  on which these  d e te rm ina tions w ere conducted, 
how ever, g en era lly  had r e s p ir a to ry  quotients som ew hat h igher than 
unity . This m ay be suggestive th a t a portion  of the re s p ir a to ry  su b ­
s tra te s  of these plants w ere organic a c id s . If th is is t ru e , it would 
exp la in  the low er concen tra tions of organic ac ids in ch lo ro tic  tissu e  
in th a t m e tab o lism  p reven ted  accum ulation  m ore so than in co n tro l 
tis su e .
C . Iro n , M anganese, N itrogen , and Phos phorus
A nalyses show ed th a t iro n , m an g an ese , n itro g en  and phosphorus 
w ere a l l  h igher in ch lo ro tic  tissu e  than in co n tro l tissu e  (Table 1). Since 
the concen tra tions of the e lem en ts in the tis su e s  a re  e x p re sse d  in Table 1 
on a d ry  w eight b a s is , the d iffe ren ces would be even m ore s trik in g  if e x ­
p re s s e d  on a wet w eight b a s is .
The re su lts  of s e v e ra l enzym e a ssa y s  w ere stud ied  on the b a s is  of 
e lem en t conten t of the re sp ec tiv e  tis su e s  to  see w hether or not enzym e 
a c tiv ity  was in d ire c t re la tio n sh ip  w ith the lev e l of any given e lem en t. In 
c e r ta in  ex p erim en ts  it ap p eared  tha t a sc o rb ic  a c id  oxidase a c tiv ity  could 
be c o rre la te d  w ith the concen tra tion  of e ith e r  m anganese or phosphorus
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bu t such  co m p ariso n s  w era co m p lica ted  by the fa c t th a t the le v e l of 
en zy m atic  a c tiv ity  v a r ie d  betw een e x p e r im e n ts . It is possib le  th a t the 
co n cen tra tio n s  of v a rio u s  e lem en ts  a lso  v a r ie d  f ro m  one g roup  of 
t is s u e s  to a n o th e r . If th is w ere t ru e , such  co m p ariso n s  would only 
be v a lid  if d e te rm in a tio n s  of the e lem en ts  w ere conducted on each  g ro u p  
of p lan ts u sed  in the la b o ra to ry .
D . M o istu re  C onten t
■ 1. Whole T issu e
M oistu re  con ten t of c o n tro l and ch lo ro tic  tis su e  was d e te rm in ed  
in a num ber of e x p e rim en ts  and  av e rag e s  of th ese  d e te rm in a tio n s  p r e ­
sen ted  in Table 1. The m o is tu re  con ten t of ch lo ro tic  tis su e  av e rag ed  
90 .0  per cen t while c o n tro l tissu e  a v e rag e d  91 .9  per cen t. These d if ­
fe re n c e s  m ight ap p ea r to be co m p ara tiv e ly  sm a ll bu t in a c tu a lity  th is 
r e p re s e n ts  a co m p ara tiv e  d iffe ren ce  of ap p ro x im a te ly  20 per cen t when 
data a re  e x p re sse d  on a  d ry  w eight b a s is .  It is p o ssib le  tha t the in ­
c re a s e  in m o is tu re  lev e l of ch lo ro tic  t is s u e s  m igh t be due to a d iffe ren ce  
in the osm otic  p o ten tia l of th is  tis su e  as  co m p ared  to co n tro l tis su e  since  
a n a ly tic a l data ind ica tes h igher co n cen tra tio n s  of c e r ta in  e lem en ts  and 
ca rb o h y d ra te s  in ch lo ro tic  p la n ts .
2. G ra in
C orn  g ra in s  a tta ch ed  to 13-d ay  old co n tro l ahd  ch lo ro tic  p lan ts 
w ere rem o v ed , b lo tted , w eighed, d r ie d  and  rew eig h ed . The seed  f ro m  
co n tro l p lan ts a v e rag e d  0 .2 6 0  g m /s e e d  while those  fro m  ch lo ro tic  p lan ts
a v e ra g e d  0 .280  g m /s e e d 0 The m o is tu re  content of th ese  seed  was 77 .4  
and 76. 1 p er cen t re sp e c tiv e ly  fo r seed  fro m  ch lo ro tic  and co n tro l 
p la n ts . These data ind icate  th a t ch lo ro tic  p lan ts rem o v ed  le s s  food 
m a te r ia l  f ro m  the seed  than  did the c o n tro l p lan ts .
E . R ela tiv e  A ldo lase  A ctiv ity
An e s tim a tio n  of the a ld o lase  a c tiv itie s  of the two tis s u e s  was 
conducted  and the re s u l ts  p re se n te d  in F ig u re  21. This e s tim a tio n  is 
b a sed  on the sp litting  of fru c to se  1, 6 -d iphosphate  (FD P) w hich was 
added  to  hom ogenates of the two t is s u e s .
The in itia l a c tiv ity  ra te  of a ld o lase  was m ore ra p id  in co n tro l 
hom ogenates than  in hom ogenates of ch lo ro tic  t is s u e . The breakdow n 
of F D P  continued lo n g er, how ever, in ch lo ro tic  hom ogenates than  in co n ­
t r o l  hom o g en ates . E ven  so , the to ta l a c tiv ity  of the enzym e w as g re a te r  
in co n tro l m a te r ia l  than  in that of ch lo ro tic  p la n ts .
T hese data along w ith those of TTTA, Iodoacetic  A cid  indicate 
g lycoly tic  a c tiv ity  to be g re a te r  in co n tro l tis su e  than  in c h lo ro tic . The 
data  obtained using  sod ium  fluo ride  (TTTE, Sodium  F lu o r id e ) , how ever, 
ind ica te  a p p ro x im a te ly  equa l a c tiv itie s  of e n o la se . It seem s odd th a t 
none of th e se  data ind icate  g re a te r  g lyco ly tic  a c tiv ity  in ch lo ro tic  tis su e  
























Figure 21. Relative aldolase activity of control and 
chlorotic corn tissue.
SUMMARY
A ttem p ts  have been  m ade to  d e te rm in e  som e effec ts  of 3 -am ino  
1, 2, 4 - t r  iazo le  (am itro l)  on d e tached  c o rn  lea f tis su e  and  on ac tiv e ly  
grow ing c o rn  p lan ts .
In itia l e x p e rim en ts  in d ica ted  th a t a sc o rb ic  a c id  oxidase was the 
p redom inan t te rm in a l  oxidase of g reen h o u se  grow n co rn  p lan ts and th a t 
a s m a lle r  p o rtio n  of the te rm in a l oxidation was m ed ia ted  by polyphenol- 
ox idase and cy tochrom e ox id ase . The a c tiv ity  of a sc o rb ic  a c id  oxidase 
in a m itro l  tre a te d  and c o n tro l t is s u e s  was em ployed  to s tudy  the effect 
of a m itro l  on the te rm in a l oxidation  and r e s p ira t io n  of c o rn  p lan ts .
R esu lts  ob tained f ro m  a s e r ie s  of e x p e rim en ts  designed  to study  
the effec t of a m itro l  on d e tached  lea f tis su e  did  not ind icate  th a t a m itro l  
had any  a p p rec iab le  e ffec t on e ith e r  r e s p ir a t io n  or a sc o rb ic  a c id  oxidase 
a c tiv ity . Soil tre a tm e n t of a c tiv e ly  grow ing co rn  p lan ts w ith  a m itro l  
cau sed  an in c re a se  in r e s p ira t io n  of leaf t is s u e .
A m itro l induced ch lo ro tic  co rn  lea f t is s u e  g e n e ra lly  r e s p ir e d  
m ore  ra p id ly  than  did c o n tro l t is s u e . The lev e l of a sc o rb ic  a c id  oxidase 
a c tiv ity  was g re a te r  in ch lo ro tic  t is su e  than in co n tro l t is s u e , w hereas 
polyphenoloxidase a c tiv ity  was low er in the ch lo ro tic  t i s s u e .  A m itro l 
t re a tm e n t had lit t le  a p p a ren t e ffec t on the a c tiv ity  of cy tochrom e o x id ase .
D ata ob tained  using d ie th y ld ith io ca rb am ate  (d ieca) a s  an  inh ib ito r
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of a sco rb ic  acid  oxidase v e rified  tha t this enzym e was resp o n sib le  for a 
portion  of the te rm in a l oxidation of the tissu es under study* This was 
fu rth e r  substan tia ted  by experim en ts using centrifugation  to rem ove ce ll 
w all fragm en ts fro m  hom ogenates and thus rem oving a sco rb ic  ac id  ox i­
dase fro m  the ex p erim en ta l system *
It was found th a t co rn  plants p o ssessed  c e rta in  m echanism s 
w hereby the enzym e responsib le  for the prom inent portion  of the te r m i­
n a l oxidation v a ried  w ith the env ironm ental conditions under which the 
plants were grow n. The age of p lan ts, light in tensity  and a ir  te m p e ra ­
tu re  w ere stud ied  in this re g a rd  and found to play an im portan t ro le  in 
determ ining which enzym e would m ediate te rm in a l oxidation. Of these 
fac to rs  it ap p eared  th a t tem p e ra tu re  and age of plants w ere m ost im ­
p o rtan t. R esu lts obtained using carbon  monoxide as a re s p ira to ry  in ­
h ib itor indicated that the predom inant te rm in a l oxidase of plants grown 
a t  70° F . was a copper containing enzym e, p resum ably  asco rb ic  acid  
ox idase , while that of greenhouse grown plants was cytochrom e oxidase* 
The re s p ira to ry  quotients of ch lo ro tic  tissu e  grown a t 70° F . w ere 
sligh tly  h igher than unity while those of greenhouse grown ch loro tic  
plants w ere le ss  than unity* C ontro l tissu e  g en e ra lly  had re s p ira to ry  
quotients approaching unity re g a rd le s s  of the conditions under which it 
was grown*
Iodoacetic ac id , m alonic ac id , and 2 ,4 -d in itropheno l caused  
g re a te r  re s p ira to ry  inhibition in ch lo ro tic  tissu e  than in con tro l tis su e .
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The additional inhibition obtained on chloro tic  tissue  fro m  use of iodo­
ace tic  acid  and m alonic acid  was suggestive of e ith e r m ore rap id  e n ­
zym atic activ ity  in ch loro tic  tissue  or the presence of pro tective 
m echanism s in con tro l t is su e . Sodium fluoride and sodium  azide 
caused e ssen tia lly  the sam e am ount of inhibition in both t is su e s .
R esults of se v e ra l analyses showed that the ch lo ro tic  tissu e  con­
tained higher concentrations of to ta l carbohydrates , iron , m anganese, 
n itrogen , phosphorus and w ater than did con tro l tis su e . Oxalic acid  
and to ta l organic acids were low er, how ever, in chloro tic  than in con­
tro l  tis su e .
A ldolase ac tiv ity  was g re a te r  in con tro l tissu e  than in ch lorotic  
tis su e . It would be expected, how ever, that generally  m ore rap id  
activ ity  of glycolytic and Kreb cycle enzym es would be found in ch lorotic  
tissu e  than in con tro l tis su e . This assum ption  is based  on the fact that 
re sp ira tio n  was g rea te r in ch lo ro tic  tissu e  than in con tro l tis su e .
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